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This invention relates to indexing devices, and more
particularly to constructions of this nature adapted to
angularly locate workpieces and other objects with a high
degree of accuracy for machining, inspection, checking
of roundness, the location of objects or similar purposes.

It is an object of the invention to provide a novel and
improved indexing device capable of locating objects at
different angular positions with an extremely small amount
of error, and without the necessity of optical or electrical
readings.

1t is another object to provide an improved indexing
device or dividing head of this nature in which the locating
means are arranged in a balanced manner with respect to
the axis of rotation of the workpiece support, thereby fur-
ther contributing to the accuracy and stability of the
apparatus.

It is also an cbject to provide an improved indexing
device having the above characteristics which is of rela-
tively simple and reliable construction, requiring little
maintenance, and may be adapted for either manual or
automatic types of control.

Other objects, features and advantages of the present
invention will become apparent from the following descrip-
tion taken in conjunction with the accompanying draw-
ings, in which:

FIGURE 1 is a partially schematic side elevational
view of the improved indexing device showing the driving
trains with the table, center ring and base being illustrated
in their separated positions;

FIGURE 2 is an enlarged fragmentary side elevational
view in cross section of portions of the base, center ring
and table with the means for separating these parts,
the parts being shown in their engaged position;

FIGURE 3 is a diagrammatic view showing the rela-
tionship between the angular positions of the two sets
of teeth;

FIGURE 4 is a chart showing an actual numerical ex-
ample in which the indexing device is used to divide 360
degrees into seven equal parts;

FIGURE 5 is a diagrammatic view showing the rela-
tionship between the four sets of teeth when the parts
are in an initial position;

FIGURE 6 is similar to FIGURE 5 showing the tecth
after the head has been moved to the first position in
column IT of FIGURE 4; and

FIGURE 7 is a view showing the parts after the center
ring has been rotated to its first index position shown in
column VI of FIGURE 4.

In general terms, the illustrated embodiment of the
invention comprises a circular base having a relatively
large number of teeth (1441 teeth being illustrated by
way of example) on its circumference, a center ring
disposed adjacent the base, and a supporting table adjacent
the center ring. The center ring is shown as having a set
of 1441 teeth matching the teeth on the base, and the
center ring and supporting table are shown as having
matching sets of 1440 teeth each. It will be appreciated
however that other ratios may be employed depending
upon the accuracy desired. )

With' the center ring and table initiaily in a zero posi-
tion, indexing may be accomplished by first separating
the teeth on the center ring and table, and effecting rela-
tive rotation between the table and the center ring in one
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direction a distance equivalent to be nearest full number
of teeth on the table below the theoretically desired angu-
lar position. With the center ring gear teeth separate
from both the base and the table teeth, the center ring
is rotated in the opposite direction a distance equivalent
to a predetermined number of whole teeth on the base.
In the embodiment illustrated; the ratio of this predeter-
mined number to 1441 is as close as possible to the frac-
tion of a tooth in the 1440 set still needed to advance
the table to its true theoretical position.

A differential drive connection between the center ring
and the table will advance the table this fraction of a
1440 tooth pitch as the center ring advances so that
when the parts are in their final position and the tooth
sets are brought together, they will be in matching rela-
tionship. The result will be indexing to a position equiv-
alent to 1/1440-1/1441. Moreover, since the indexing
device can be adjusted in multiples of 0.6245663 second,
the indexing device is capable of indexing within less than
one-half a second of arc with extreme accuracy.

Referring more particularly to the drawings, a preferred
embodiment of the invention is illustrated and is com-
prised of an indexing device indicated generally at 11 in
FIGURE 1. The indexing device 1% includes a sta-
tionary base 12 of circular shape, a center ring 13 and
a work-supporting table 14, these parts being coaxial with
the base. Base 12 has a plurality of upwardly facing
teeth 15, 1441 teeth being shown in the illustrated em-
bodiment. These teeth may be of any appropriate shape
such as a sawtooth shape and have a relatively small
depth, for example, 0.025 inch. Center ring 13 has a
matching downwardly facing plurality of teeth 16, 1441
in number, and an upwardly facing set of teeth 17, this
set having 1440 teeth. Table 14 has a downwardly facing
set of teeth 18 matching teeth 17. It will, of course, be
understood that other types of tooth arrangements, such
as tooth arrangements employing internal and external
teeth may be utilized on the members 12, 23 and 14.

Means are provided for rotating center ring 13 and
table 14, this means including motors 19 and 21, respec-
tively. In order to facilitate use of limit switch position-
ing devices, the drive ratios between the motors and
their respective driven components are such that four
revolutions of each motor will cause its respective com-
ponent to advance the distance equal to one tooth pitch

- of a particular set of teeth. More particularly, motor 19

50

drives a worm 22 and a worm wheel 23 having a 131:1
ratio, the worm wheel driving a second worm and worm
wheel 24 having an 11:1 ratio, the total ratio thus being
1441:1. Worm wheel 24 drives a pinion 25 meshing

- with a driven gear 26 secured to center ring 13, these ele-
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- 28 with a 30:1 ratio.

ments having a 4:1 ratio so that four revolutions of
motor 19 will cause center ring 13 to advance the pitch
distance of one tooth of tooth sets 15 or 16.

Motor 21 drives a worm 27 connected to a worm wheel
Worm wheel 28 drives a. worm
2% and a worm wheel 31 with a 48:1 ratio, giving a total
ratio of 1440:1.- Worm wheel 31 drives a pinion 32
meshing with a driven gear 33 secured to table 14, these
elements having a 4:1 ratio so that four turns of motor
21 will produce a movement of table 14 equal to the pitch
of one tooth of sets 17 or 18.

Details of construction of components 12, 13 and 14
are shown in FIGURE 2. Base 12 has an annular por-
tion seen in FIGURE 2 within which is disposed the
lower end 34 of a cylindrical member 385, this lower end
having a seal connection 36 with the base portion.. The
upper end of member 35 is secured to table 14, member
35 accommodating a shaft which may be integrally carried
by workpieces (not shown) supported on the table. = The
table is provided with appropriate apertures 37 for se-
curing the work to the table, and a member 38 carrying
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teeth 18 is secured to the underside of the table by bolts
39. Gear 33 is secured to an outwardly extending flange
41 of member 38 and partially overlaps center ring 13,
which comprises two parts 42 and 43 cairying teeth 16
and 17 respectively, these parts being connected by
boits 44. Gear 26 is secured to an outwardly extending
flange 45 on part 42, this gear partially overlapping a
member 46 secured to base 12 by bolts 47, member 46
carrying teeth 15.

iIf the parts are to be adjusted visually, appropriate in-
dicia may be marked on parts 38, 42, 43 and 46 identify-
ing their teeth by numbers. For example, a zero mark
may be carried by part 46, markings to indicate 1441
teeth carried by part 42, indicia indicating 1440 teeth
formed on part 43, and markings likewise showing the lo-
cations of 1440 teeth on part 38. The location and ar-
rangement of these markings may be varied within the
principles of the invention, and the markings may be
omitted if limit switch systems controlled by the positions
of parts 13 and 14 or the positions of their driving motors
are used. A cover 48 mounted on base 12 surrounds gears
26 and 33, pinions 25 and 32 driving these gears through
apertured portions 49 and 51 respectively in the cover.

Means are provided for selectively separating the sets
of teeth, this means including a vertically positioned shaft
52 rotatably mounted within base £2 and driven by means
such as a motor and worm wheel (not shown). The upper
end of shaft 52 carries a pinion 53 meshing with a
54 formed on the lower end of a lead screw 55, The
lead screw is rotatably supported at its Jower end by anti-
friction bearings 56 carried by a race 57 mounted in base
12, the lead screw being retained against axial movement
by a retaining ring 58 disposed above an inwardly directed
flange 59 on the lead screw. A nut 61 surrounds lead
screw 55 and is disposed within apertures 2 and 63 within
paris 42 and 43 respectively. Nut 61 is held against ro-
tational movement by a pin 64 secured to base 12 and ex-
tending upwardly into a slot 65 formed in the lower end
of the nut, flat surfaces 66 on the upper end of pin 64
cooperating with the slot surfaces to permit axial but pre-
vent rotational movement of the nut.

Anti-friction bearings 67 are disposed between the upper
end of nut 61 and the underside of part 38, oil supply
means 68 being provided for bearing 67. A rectaining
member 69 is secured by bolts 71 to the underside of
table 4 and has an outwardly extending flange 72 engag-
ing an inwardly extending flange 73 at the upper end of
nut 61 to hold the nut against axial movement with respect
to part 38.

In the illustrated embodiment having a tooth depth of
0.025 inch the lead of screw 55 and nut 61 is so chosen
that an 80° turn of screw 55 will preduce a lift for the
nut of 0.110 inch. A limit switch operating pin 74 is se-
cured to the upper end of lead screw 55 and extends in-
wardly within a recess 75 in the lead screw. Pin 74 is
shown out of position in FIGURE 2, the purpose of the
pin being to actuate a limit switch 76 having an operating
arm 77 with a roller 78 engageable by pin 74. In the posi-
tion of the lead screw shown in FIGURE 2, pin 74 would
actually be §0° away from the position shown in this
figure. The purpose of limit switch 76 is to stop rotation
of lead screw 55 when the 80° turn is completed, that is,
when the complete 0.110 inch of lift is attained. When in
this position, the four sets of teeth will be separated as
will hereinafter appear. The closed or engaged position
of the four sets of teeth will determine the other rotational
position of the lead screw, so that no limit switch is pro-
vided for said other position. Bearings 67 permit accurate
rotation of table 14 when its teeth are disengaged but will
be loose and in non-interfering relation with the table
when the teeth are engaged.

The lower end of nut 61 has an outwardly extending
flange 79 with an upper surface 81 which is disposed about
0.055 inch away from the underzurface 82 of part 42.
Thus, when lead screw 55 rotates about 40°, surface 81
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will engage surface 82. At this point, teeth 17 and 18 will
be completely separated, since as was previously indicated,
the overlap of these teeth is about 0.025 inch. Further
rotation of lead screw 535 the other 40° will cause sepa-
ration of teeth 15 and 1é, permitting rotation of center
ring 13 with table 24 still being free of the center ring.

A differential drive 83 is provided between shaft 84 on
which worm wheel 24 is mounted and shaft 85 on which
worm 27 is mounted. This differential drive comprises
a gear &6 on shaft 84 and meshing with a gear 87 securcd
to the cage of differential 83, this cage being rotatably
mounted on shaft 85. Gears 856 and 87 have a 2:1 ratio.
Cage 83 carries an offset shaft 88 on which are mounted
gears 82 and 9%. The end of motor shaft 92 within cage
83 and rotatably connected thereto carries a gear 93, and
the adjacent end of shaft 85 secured to worm 27 carries
a gear 4. Gear 82 meshes with gear 93 and gear 91
meshes with gear 94, Gears 89, 92, 82 and 94 all have
the sarce number of teeth and are of the same diameter.

It will thus be secen that one revolution of shaft 92 in
the direction of its circular arrow will rotate shaft 85 one
turn in the same direction. One revolution of shaft 84,
however, in the direction of its circular arrow will cause
rotation of shaft £5 one turn in the direction of its circular
arrow, that is, opposite to the rotation caused by shaft 92.
in effect, therefore, table £4 will be advanced in the direc-
tien of the arrow in FIGURE 1 V{440 revoiution for one
full turn of center ring %3 in the direction of its arrow
in FIGURE 1. This is because both gears 25 and §6 are
mounted on shaft 84.

Pinions 25 and 32 are tapered as shown in exaggerated
form in FIGURES 1 and 2, and gears 26 and 33 are corre-
spondingly tapered. The taper is so arranged that when
gears 26 and 33 are in their upper positions, that is, when
the sets of teeth 15, 16 and 17, 13 are separated, the mesh
of pinions 25 and 32 with gears 26 and 33 respectively,
will be normal. However, when the parts are in the posi-
tion shown in FIGURE 2, that is, with tocth sets 15, 18
17, 18 in engagement, there will be sufficient backlash
between pinions 25 and 32 and their respective gears to
permit accurate self-centering of table 14 and center ring
13 when these parts are lowered to bring the tooth sets
into interlocking relation, thereby permitting the tooth sets
to do all positioning when the tooth sets are engaged with-
cut interfercnce from the pinions, gears and bearings.

FIGURE 3 illustrates diagrammatically the angular dif-
ference between the pitch of tecth 15 or 16 and the pitch
cf teeth 17 or 8. In this diagram, if the line designated
%5 represents a zero radius, let it be assumed that a tooth
16 and a tooth 17 carried by center ring i3 both have
centerlines coincident with line 95. The next adjacent
tooth 17" will be on a line 96 angularly spaced from line
25 by a distance equal to 360440, that is, 0.25° or 15 min-
utes. The next adjacent tooth 16’ will be on a line 97
angularly spaced from line 95 a distance equal to 36044y,
that is, 14 minutes 59.375433696 seconds. The difference
equals 0.624566304 second.

FIGURES 4 to 7 show an example of the use of the im-
proved indexing device in which it is desired to divide
360° into seven equal parts. Starting from an initial posi-
tion in which both table 14 and center ring 13 are in their
zero position, it can be calculated that a theoretical angular
position from the start for the first index position n—1 is
51° 25 42.857"”. {(8ee column I, FIGURE 4.) Theoreti-
cally, table ¥4 should be advanced 205.714285 teeth (col-
umn II) to arrive at the required index position. The
nearest whole number of teeth below this amount (col-
umn IIT) is 205.

Table 14 will therefore be raised by rotating lead screw
55, and will be driven by motor 21 from the position of
FIGURE 35, in which the zero teeth of sets 17 and 18 are
aligned, to the right, until tool No. 205 of teeth 18 is
aligned with the zero tooth of teeth 37. This position
is shown in FIGURE 6.

At this point the table still must be advanced 0.714285

an
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of the pitch of a tooth 18 (column IV). Since one full
rotation of center ring 13 in the direction of the arrow in
FIGURE 1 would advance table 14 a full pitch of one
tooth 18 in the direction of the arrow shown in FIGURE 1
ior table 14, we must theoretically advance center ring 13
1029.284 teeth of teeth 16, as shown in column V. The
nearest whole number of teeth 16 is 1029 (column VI).
Lead screw 55 is rotated further to lift center ring 13,
separating teeth 15 and 16. Motor 19 is then driven in
the direction of the circular arrow in FIGURE 1 until ring
member 13 is driven in the direction of its arrow in FIG-
URE 6 from the position of FIGURE 6 to the position
of FIGURE 7.

When the position of FIGURE 7 is reached, it will be
noted that tooth No. 1029 of teeth 17 is not aligned with
tooth No. 1029 of teeth 16 but is shifted therefrom a
distance x equal to 0.714285 of the tooth pitch of teeth 17.
Due to the differential drive connection $3, table 14 has
been driven in the direction of the arrow in FIGURE 6
at the same time that ring 13 was moved, a distance equal
to the same fraction (0.714285) of the pitch of teeth 18.
Teeth 17 and 18 will therefore be aligned, and lead screw
55 may be rotated to reengage the four sets of testh.

At this point the actual angular position from the start
of table 14 is shown in column VII of the chart. If we
subtract this figure from the theoretical figure in column I,
an error of 0.179” is noted.

The succeeding index positions n—1, n-2, etc., are shown
in the chart and the manner of attaining them will be
obvious from the preceding description. For example,
n~2 will be achieved by rotating table 14 in the direction
of the arrow in FIGURE 1 until tooth No. 411 is aligned
with the zero mark on base 12, and ring 13 will then be
rotated in the direction of its arrow in FIGURE 1 until
618 teeth of teeth 16 move past the zero mark., At this
point, of course, the tooth of teeth 16 aligned with the
zero mark will not be tooth No. 618 but will be tooth
No. 206 (1029 plus 618 minus 1441).

It wili thus be seen that accurate positioning to within
less than one-half second of the theoretical position is
possible with the present invention. On a 10-inch diam-
eter, one second of arc equals 0.000024 inch, and on a
42 inch diameter it equals 0.000102 inch. The construc-
tion as illustrated provides 2,075,040 possible positions
(1440 1441).

The fact that table 14 carries a tooth set having 1440
teeth will further contribute to the versatility of the con-
struction, in that exact indexing of 15 minutes is per-
mitted. In many cases, a complete indexing operation
may thus be carried out without utilizing movement of
center ring 13.

Motors 19 and 21 could of course be run successively
or simultaneously, and the movements are adapted for
either visual or automatic limit switch control. In the
lowered or locked positions of the table and center ring,
an extremely stable support is provided for the workpiece
in view of the large bearing area of the teeth and their
positions surrounding and spaced from the table axis.
The construction of the components, particularly as shown
in FIGURE 2, will contribute substantially to the posi-
tioning accuracy of the device. For example, the move-
ment contro! afforded by lead screw 55 and its associated
parts, and the tapered tcoth arrangement described with
respect to pinions 25 and 32, will facilitate proper loca-
tion of the table solely by the tooth sets. These and other
features of the invention are especially valuable when
extremely high accuracy of indexing location is required
for objects to be positioned, machined, inspected, or the
like.

While it will be apparent that the embodiment of the
invention herein disclosed is well calculated to fulfill the
objects of the invention, it will be appreciated that the
invention is susceptible to modification, variation and
change without departing from the proper scope or fair
meaning of the subjoined claims.

10

15

20

30

35

40

50

60

70

75

6

What is claimed is:

1. In an indexing device, at least three coaxial elements,
a first of said elements having a first set of circularly
arranged teeth, a second set of circularly arranged teeth
on the second of sald elements having a number of
teeth different than the first set, a third set of teeth on
the third of said elements matching and engageable with
said first set of teeth, a fourth set of feeth on said third
element matching and engageable with said second set of
teeth, means for selectively separating and engaging said
first and third sets of teeth, means for selectively separat-
ing and engaging said second and fourth sets of teeth,
means for rotating said third element with respect to said
first element, and means for rotating said second element
with respect to said first and third elements, both of said
selective means including means for maintaining the
separated condition of their respective tooth sets during
relative rotation thereof, whereby said relative rotation
will take place without tooth contact.

2. In an indexing device, a base having a first set of
circularly arranged teeth, a center ring coaxial with said
base, a table coaxial with said base and ring, and having
a flat workpiece-supporting surface, a second set of cir-
cularly arranged teeth on said table having a number of
teeth slightly different than said first set, a third set of
teeth on said center ring matching and engageable with
said first set of teeth, a fourth set of teeth on said center
ring matching and engageable with said second set of
teeth, means for selectively separating or engaging said
first and third sets of teeth, means for selectively separat-
ing or engaging said second and fourth sets of teeth,
means for rotating said center ring with respect to said
base, and means for rotating said table with respect to
said center ring and base, both of said selective means
including means for maintaining the separated condition
of their respective tcoth sets during relative rotation
thereof, whereby said relative rotation will take place
without tooth contact.

3. Inan indexing device, a base having a predetermined
number of circularly arranged teeth, a table having a
second number of circularly arranged teeth different from
said predetermined number by one tooth, a center ring
disposed between said base and table and having first
and second sets of teeth matching said base teeth and
table teeth respectively, means for selectively engaging
and disengaging said first and second sets of teeth with
said base and table teeth respectively, and independently
operable means for rotating said table and said center
ring relative to said base, said selective means including
means for maintaining said table and center ring in
separated condition whereby the table and center ring
may have relative rotation during operation of each of
said independently operable means.

4. In an indexing device, a circular base having a pre-
determined number of evenly spaced teeth, a circular
supporting table having a second number of evenly spaced
teeth differing from said predetermined number by a
relatively small number of teeth and having a predeter-
mined tooth pitch, a center ring having first and second
sets of evently spaced teeth engageable with said base
and table teeth respectively, means for selectively engag-
ing and disengaging the table teeth from said second center
ring set of teeth, means for rotating said table in one
direction, means for selectively engaging and disengaging
said first set of center ring set of teeth from said base
teeth, means for rotating said center ring in the opposite
direction, and means responsive to rotation of said center
ring a predetermined portion of a revolution in said op-
posite direction for advancing said table in said one direc-
tion a corresponding portion of said table tooth pitch.

5. The combination according to claim 4, said last-
mentioned means comprising a drive motor and drive
train for said table, a second drive motor and drive train
for said center ring, and a differential gear set connecting
said center ring drive train and said table drive train.
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6. In an indexing device, a circular base having an
odd number of evenly spaced teeth, a circular supporting
table rotatable coaxially with said base and having an
even number of evenly spaced teeth, a center ring dis-
posed between said base and table and rotatable coaxially
therewith, a first set of center ring teeth interfitting with
said base teeth, a second set of center ring teeth inter-
fitting with said table teeth, and means for selectively
shifting said interfitting tooth sets into and out of inter-
locking relation, both of said selective means including
means for maintaining the separated condition of their
respective tooth sets during relative rotation thereof,
whereby said relative rotation will take place without
tooth contact.

7. In an indexing device, a circular base having an
odd number of evenly spaced teeth, a circular supporting
table rotatable coaxially with said base and having an
even number of evenly spaced teeth, a center ring dis-
posed between said base and table and rotatable coaxially
therewith, a first set of center ring teeth interfitting with
said base teeth, a second set of center ring teeth inter-
fitting with said table teeth, means for selectively shifting
said interfitting tooth sets into and out of interlocking
relation, first and second rotary driving means for said
base and center ring respectively, and a driving train be-
tween each of said driving means and said base and center
ring, the reduction ratios of said driving trains being such
that said table and center ring will complete one full turn
when their respective driving means have completed a
predetermined whole number of turns.

8. In an indexing device, a circular base having an odd
number of evenly spaced teeth, a circular supporting table
rotatable coaxially with said base and having an even
number of evenly spaced teeth, a center ring disposed
between said base and table and rotatable coaxially there-
with, a first set of center ring teeth interfitting with said
base teeth, a second set of center ring teeth interfitting
with said table teeth, means for selectively shifting said
interfitting tooth sets into and out of interlocking rela-

tion, a first rotary driving means and driving train for 4

rotating said table in one direction, a second rotary driv-
ing means and driving train for rotating said center ring
in the opposite direction, and a differential connection
between said center ring driving means and said table
driving means, said differential connection driving said
table in said one direction in response to rotation of said
center ring in said opposite direction in proportion to the
angular speed of said center ring.

9. In an indexing device, a base having a relatively
large number of evenly spaced teeth, a table member
rotatable coaxially with said base and having a relatively
large number of evenly spaced tecth differing from said
first number by one tooth, a center ring member disposed
between said base and table member, a first set of teeth
on said center ring member interfittable with said base
teeth, a second set of tecth on said center ring member
interfittable with said table member teeth, means for
relatively moving said first and second center ring mem-
ber teeth and their interfitting teeth into and out of inter-
locking relation, first means for rotating one of said mem-
bers in one direction, second means for rotating the other
member in the opposite direction, and means intercon-
necting said first and second rotating means and respon-
sive to rotation of said other member in said opposite
direction to rotate said one member in said one direction
at a fraction of the angular speed of said second member
equal to one over the number of teeth on said table
member.

10. The combination according to claim 9, further
provided with gears on said table member and center ring
member, pinions for driving said gears, said gears being
axially shiftable in response to movement of said teeth
into and out of interlocking relation, and tapered teeth
on said gears and pinions so shaped that each pinion will
have a full driving connection when its gear is in one
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axial position with the corresponding member teeth in
non-iterlocking position and a loose driving connection
when its gear is in another axial position with the corre-
sponding member teeth in interlocking position.

11. In an indexing device, a circular base having a
relatively large predetermined number of upwardly fac-
ing evenly spaced teeth, a circular supporting table rotat-
able coaxially with said base and having a relatively large
predetermined number of downwardly facing evenly
spaced teeth, the number of table teeth and the number
of base tecth differing by one tooth, a center ring having
a first set of downwardly facing teeth interfittable with
said base teeth, a second set of upwardly facing teeth on
said center ring interfittable with said table testh, means
for axially shifting said table between an upper position
in which its teeth are separated from said second set of
center ring teeth and a lower position in which its teeth
interfit with said second set of center ring teeth, means
for rotating said table in one direction when in its upper
position, means for axially shifting said center ring be-
ween an upper position in which its first set of teeth are
separated from said base teeth and a lower position in
which its first set of teeth interfit with said base teeth,
means for hoiding said table in a position in which its teeth
are separate from said second set of center ring teeth when
said center ring is in its upper position, and means for
driving said center ring in a direction opposite said one
direction when said center ring is in its upper position.

12. The combination according to claim 11, further
provided with means responsive to driving of said center
ring in said opposite direction for driving said table in
said one direction at a fraction of the speed of said center
ring equal to one over the number of table teeth.

13. The combination according to claim 12, further
provided with a first gear member on said table, a sec-
ond gear member on said center ring, first and second
pinion members for driving said respective gear mem-
bers, and tapered tecth on at least one of each of said
pinion and gear members, the tapered teeth on the mem-
ber for driving said table being so shaped as to have
a loose driving connection when said table is in its lower
position, the tapered teeth on the member for driving
said center ring being so shaped as to have a loose driv-
ing connection when said center ring is in its lower posi-
tion, whereby slight angular shifting of said table and
center ring will be permitted when their respective teeth
are being interfitted.

14, The combination according to claim 12, further
provided with an axially movable shifting member mov-
able from a first position in which said table and center
ring in their lower positions to a second position in
which said table is in its upper position, and further
movable in the same axial direction to a third position
in which said center ring is in its upper position and
said table is held at the same relative axial position with
respect to said center ring as with said shifting mem-
ber in its said second position.

15. The combination according to claim 14, said shift-
ing member comprising a nut coaxial with said base, said
nut having a first portion connected with said table and
a second portion spaced a slight axial distance from said
center ring when said nut is in its first position, a lead
screw threadably mounted in said nut, means for rotat-
ing said lead screw, and means for preventing rotation
of said nut,

16. In an indexing device, a base, a table above said
base, a lifting element between said table and base, means
for selectively raising and lowering said lifting element,
facing annular raceways on said table and lifting ele-
ment, anti-friction bearings each of which is movably
mounted in both said raceways, and means disposed be-
tween said base and table and engageable by a portion
of said table when said lifting element is moved to a pre-
determined lower position to limit the lower position of
said table.
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17. The combination according to claim 16, the rela-
tive positions of said last-mentioned means and said pre-
determined lower position of the lifting element being
such that said bearings are slightly separated from the
table raceway when the lifting element and table are in
their lower positions.

18. In an indexing device, first, second, and third co-
axial elements, a first set of teeth on said first element,
a second set of teeth on said second element, a third set
of teeth on said third element matching and engageable
with said first set of teeth, a fourth set of teeth on said
third element matching and engageable with said sec-
ond set of teeth; a lifting element coaxial with said first,
second and third elements, facing raceways on said sec-
ond element and said lifting element, anti-friction bear-
ings in said raceways, said lifting element being mova-
ble between a first position in which said second and
fourth sets of teeth are disengaged in a second position
in which second and fourth sets of teeth are engaged,
and means for moving said lifting element between said
positions.

19. The combination according to claim 18, said lift-
ing element comprising an internally threaded nut, and a
rotatable lead screw threaded within said nut,

20. The combination according to claim 19, said lift-
ing element raceway being formed at one end of said
nut, and a shoulder on said nut engageable with said third
element in response to movement of said nut from its
second position past its first position, whereby said first
and third sets of teeth as well as said second and fourth
sets will be disengaged.

21. The combination according to claim 19, said bear-
ings being slightly separated from said second element
raceway when said lifting element is in its second position.

22, The combination according to claim 19, further
provided with a pair of annular facing raceways between
‘said first element and said lead screw, and anti-friction
bearings in said last-mentioned raceways.

23. In an indexing device, a circular base having a
first set of upwardly facing teeth and an upwardly fac-
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ing raceway inwardly of and coaxial with said teeth, a
lead screw coaxial with and above said base, a down-
wardly facing raceway on the underside of said lead
screw, anti-friction bearings in said raceways, means for
preventing axial movement of said lead screw, a nut
threadably mounted on said lead screw, means for pre-
venting rotative movement of said nut, an upwardly fac-
ing raceway on the upper end of said nut, an outwardly
extending annular shoulder on a lower portion of said
nut, a circular table coaxial with and above said base,
lead screw and nut, a downwardly facing annular race-
way on said table, anti-friction bearings in said last-
mentioned raceways, a downwardly facing set of annular
teeth on said table having a number different than said
first set of teeth, a center ring coaxial with and between
said base and table, a first set of downwardly facing
teeth on said center ring matching said base teeth, a
second set of wpwardly facing teeth on said center ring
matching said table teeth, said nut having a lower first
position in which the four sets of teeth are engaged,
an intermediate position in which the table is lifted suffi-
ciently to disengage it teeth from the upper center ring
teeth, and an upper third position in which said shoulder
engages and lifts said center ring to separate the lower
center ring teeth from the base teeth, and means for
rotating said center ring and table.

24. The combination according to claim 23, said last-
mentioned anti-friction bearings being disengaged from
said table raceway when said nut is in its lower ‘position.
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