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This invention relates to improved power actuated slip
assembliés for use in the rotary table of a well drilling
rig.

A conventional power slip assembly includes a number
of slips for gripping and supporting a well string, to-
gether with means for. power actuating the slips vertically
between active lowered positions and elevated inactive
positions. - Ordinarily, the slips- are mounted to a sta-
tionary support ‘structure which projects upwardly at a
side of the rotary table and which includes a suitable
power -piston or other power unit. for raising and-lower-
ing the slips. - One difficulty encountered, however, has
been that of: accurately centering the slips when thus
supported, and of always maintaining the proper center-
ing of the slips under actual conditions of use.

A major object .of the present invention is to provide
an improved power slip assembly in which the slips are
centered much more accurately and effectively than has
been possible in prior arrangements. To: achieve this
purpose, the slip support structure is mounted to turn
with the rotating portion of the rotary-table, rather than
being attached to the outer stationary .portion of the

table, to thus always maintain proper centering of the.

slips with respect to the rotating parts. Preferably, the

slip support structure is mounted to the master bushing

which is located in the rotary table.

Structurally, an assembly embodying the invention
may include ‘a support section which turns with -the
rotary table, and a slip carrier section to which the slips

are mounted and which is vertically actuable relative:to:
the support section to move the slips between actxve and-

inactive positions.
Desirably, the power unit for actuating - the carrier: sec-

tion and slips. is also:rotatable with the.table and -the’

other sections of the device, .typically being one or more

power cylinders-and pistons interposed vertically between -

the two sections.

pair ‘'of communicating feed' rings, one of which turns
with the table and the other of which is' non-rotating.
The above and -other features and objects of the pres-

ent invention will be better inderstood from the follow--
ing detailed description. of the typical embodiment ‘illus- ’

trated in- the accompanying’drawings in which:. -
Fig. 1 is a vertical axial section through a well drill-
ing rotary table and power slip assembly constructed in

accordance with the invention, the view being taken

primarily on line 1—1. of Fig. 2, but certain parts of the
apparatus near the top of Fig. 1 being shown- i m eleva-
tion;

Fig. 2is a plan view of the apparatus shown in: F1g 1

Fig. 3 is a reduced soale v1ew taken on lme 3—3 of
Fig. 1;

F1g 4 is:an enlarged ‘fragmentary vertlcal secuon
through the air ‘supply rings of Fig. 1;

Fig. 5 is a reduced: scale horizontal section taken on
line 5—5 of F1g 4; .
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Fig. 6is a dlagrammatlc representation of the pressure )
fluid system of the apparatus; and

Fig. 7 is a fragmentary vertical section showing a
slightly variational form of the invention.

Referring first to Figs. 1 and 3, I have shown at 10
a conventional well-drilling rotary table structure includ-
ing the usual outer stationary section 11, and an inner
relatively rotatable power-driven section 12. Within the
rotating portion 12 of the rotary table, there is mounted
a master bushing 13, containing a pair of slip bowl seg-
ments 14 within which a number of slip elements 15
are received. These slip elements 15 are movably carried
by a supporting ring 16, which is in turn removably
carried by a ring 17. Ring 17 is vertically actuable rela-
tive to a body 18, by means of a pair of fluid-actuated
piston and cylinder mechanisms ‘19 to which compressed
air or other actuating fluid is fed through a feed ring
structure 20. The body 18 is mounted to master bush-
ing 13 for rotation therewith, so that all of the parts
carried by body 18, including rings 16 and 17 and slips
15, may turn with the master bushing and the rotary
table

The outer stanonary portion 11 of the rotary table
10 is mounted in any suitable manner to a supporting
frame structure. This outer section 11 includes an annu-
lar portion 21 within which the smaller diameter annu-
lar: rotating section 12 of the table is mounted for rela-
tive rotation about the vertical axis 22 of the apparatus.
The rotary support of ‘inner section 12 relative to outer
section 11 is effected by means of any suitable bearing

. structure, ‘typically mcludmg two annular serie§ of roller’

bearings represented at: 23 in Fig. 1." The section 12 of
the rotary table is power-driven -rotatably about axis 22
by any suitable drive mechanism (not shown). - The
inner rotating section may carry an annular outwardly
and ‘then downwardly extending element 24, suitably at-
tached to section 12, as by screws 25. The outer section
11 may include a bracket member 27 at one side, welded
to. element 12 and projecting first outwardly ¢herefrom,'
and then upwardly at 26.

The inner rotatmg section 12 of the rotary table’ con-*
tains an opening 28 extending vertically therethrough,

_and having a:lower cylindrical portion, and an upper

45

non-circular and preferably square - ‘portion 30, This
upper. portion 30 -is of a size to project laterally beyond

- the diameter of lower cylindrical portion 29 of opening

50, figuration and is preferably formed of a single piece of
Actuating pressure fluid, such as com- . * " rigid ‘metal- extending continuously: entirely about the

pressed air; may..be fed to the power units. through a

28, to provide an upwa:dly facing shoulder on which the
master bushing 13 is supported ) :
The master bushmg 13 is generally annular in con-

circular ‘extent of bushing-13. Externa]ly, bushing 13

- has a Jower cylindrical portion 32 and-an upper non-

- b5

80

65

70

circular and preferably square portion 33, with these sur-
faces 32 and 33 and an intermediate. shoulder 34 being

‘shaped the same as surfaces 29, 30 and 31, respectively,

of sectlon 12 of the rotary table, to engage those sur-
faces in 'a mianner positively supporting the bushing 13
in ‘the rotary table, and effecuvely driving the bushing |
with the rotary table about axis 22. .
The ring 18 is a flat honzontally ‘extending annular
rigid . plate centered about axis 22 and located above
bushing 13. This ring is rotatably keyed to and driven
by bushing 13 by means of several (preferably four) cir: .
cularly spaced cylindrical pins 140, -which project down- ..
wardly from ring 18 into a number of cylindrical sleeves
141 contained within recesses 142 in bushing 13." The -
pins 140 are rigidly welded or otherwise attached to ring..
18, as are four sleeves 143 which are dlsposed about
upper posmons of the pins.” The lower sleeves 141 are
rigidly welded or otherwise secured to bushing 13, The”’
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engagement of the lower ends of sleeves 143 with the
upper surfaces of bushing 13 and sleeves 141 positively
supports the ring 18 in the Fig. 1 position relative to the
rotary table and bushing, while at the same time rotatively
keying ring 18 to the bushing for rotation therewith. = As
will be apparent, ring 18 and the carried parts. may. all be.
detached from the rotary. table by merely lifting ring 18
upwardly so that pins 140 will be withdrawn from re-
cesses 142 and their liner sleeves 141. The four recesses
142 may be located within the four corners of the upper:
square poriion 33.of bushing 13. ' ’

Internally, the master bushing 13 has a lower inwardly.

facing cylindrical surface 35 and an upper inwardly fac-
ing cylindrical surface 36 of somewhat increased diam-
eter. The slip bowl structure received within bushing 13:
may in some instances consist of a single ainnular body,
but preferably. is formed of two semi-circular and com-
plementary segments 14, having outer reduced diameter
cylindrical surfaces 37 engaging surface 35 of bushing 13,
and: having upper increased diameter cylindrical surfaces
38 engaging surface 36 of bushing 13. Between these
surfaces 37 and 38, the bushing 13 and the slip bowl seg-
ments 14 have annular shoulders 3% which are inter-en-
gageable to. positively support the. slip bowl segments
within bushing 13.

" The inner surfaces of slip bowl segments 14 have upper
portions, 4¢- which taper progressively downwardly. to a

reduced-diameter- at 41, the taper of these surfaces being.

preferably. frustro-conical, as will be apparent from Fig. 1.
These surfaces 40 engage the outer correspondingly taper-
ing, surfaces 42 of a series of circularly spaced slips 15,
so that downward movement of the slips. 15 relative. to
slip bowl segments 14:and the rotary table causes the.slips
to be. displaced. radially inwardly against a drill pipe or

other pipe extending vertically through the apparatus

al@)ng_ axis 22. Beneath the downdwardly tapering sur-
faces 48 of segments 14, these segments may have inner.

cylindrical surfaces 43, .
Each of the slips 15 has an inner gripping surface. 44
which is. irregularized in some manner to effectively grip

and support a well pipe engaged by the slips. To form

this surface, each slip 15 may -carry a vertical series. of.

gripping_elements 44a, whose inner edges function. as.the
itregularities for gripping the pipe. The. gripping. edges
of. the. various slip surfaces 44 of each of the slips. lie
essentially in a common vertical -plane, to all simultane-

ou:sly engage the pipe, and these edges. may curve slightly..
about axis 22, if desired, to. conform somewhat to. the.
curvature of the. outer surface of: the pipe. -The various

SIi}?S 15 are ‘of rather.small extent circularly about axis 22
(see Fig. 2) so.that a. large number, of the slips. may. be.

provided to engage the pipe at a number. of different:

locations about its circular extent. Preferably, I utilize

as many of the slips 15 as can practically. bs grouped.
around the size of pipe for which the device is designed.:

As previqusly mentioned, all of the slips 15:-are sup-
ported.by a common annular ring 16. This. ring 16 is
spaced above the slips, and contains an inner opening 45

centered about axis 22 for passing the well pipe vertically.

through ring 16. The slips are individuaily suspended

from ring 16 by means of a number of links. 46, each.of .

which is pivotally, attached at 47 to ring 16, and is pivot-
ally attached at a lower end 48 to the associated slip. 18.
These links 46 allow slips 15 to move radially toward
and away from axis 22, in correspondence with the ver-
tical_movemé_nt of the slips relative to the wedge surfaces
40 of segments 14, The pivotal connections at 47-and
48 are of course such as to maintain links 46 and slips.15
in a desired orientation relative to. ring 16 so: that the
inner gripping surfaces 44 of ‘the slips always.face directly
inwardly towards axis 22,

"The proper positioning of each slip relative to the.other.
slips- in all conditions of the apparatus is further con-
trolled by the provision. of a series of links 49 which mov-

ably interconnect adjacent slips. For connection to these:
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“links, each slip contains a recess 50 mear its upper end,

within which there is mounted a vertical shaft or pin 51,
fixed relative to the slip, and extending through openings
52 in a pair of the links 49. - These two links 49 con-
nected to one of the slips 15 extend in-generally opposite
circular directions from that slip, for attachment at their
ends to a pair of similar links connected to adjacent slips.
The connection between these links is effected by means
of vertical pins or shafts 53 (see Fig. 2), which extend
through openings in the ends of the links. Thus, each pair.
of adjacent slips 18 are connected together by a pair of
the links 49, which are pivoted respectively to the two
slips, and are also pivotally connected at their opposite
ends to each other. This type of linkage freely allows
movement of the slips radially toward and away from axis
22, but tends to retain all of the slips at essentially the
same distance from the axis in a particular setting of the
apparatus, and also very effectively holds all of the slips
in properly oriented positions in which. their inner irregu-
larized surfaces 44 extend vertically as seen in Fig. 1 for
proper, engagement with the well pipe 54. This is true
in. part. because the pivotal connections at.-51-—52 connect
each. of the.links 49 to. an associated slip 15 for pivotal
movement about an axis 55 which is fixed relative to that.
slip, and because the connections.formed at 53 between
the.links. 49.connect the links for pivotal movement: about
axes which in all:conditions extend parallel to axes 55.
The ring.17 ‘which carries slip-supporting ring 16 is.
disposed. about. the latter, and if- desired may be formed
of:several rigidly. interconnected. parts; .as shown. - More-
spegifically, this ring 17 may include an upper annular.
clement 56 and a lower anmular element 57 retained in
vertically spaced relation by.an. outer. short cylindrical-
ring 58 suitably welded to both of the elements. 56 and
57.  The inner ring 16 may be removably supported:
from outer ring 17 by means of a pair of diametrically-
opposed. flat slide elements 59, which are confined be-
tween plates 56 and 57 for sliding movement radially.
toward and.away from axis 22. These elements 59 have
inner arcuately curved edge portions 68 which are receiv-
able within. an outer annular radially outwardly facing
groove 61 formed.in the outer surface of ring 16, so that-

the engagement of elements 59 with ring 16.along arcuate’

areas 62 at the upper side. of: the edge portions. 6@ of
elements.59. acts to very effectively support ring- 16 and
the. carried slips from ring 17. ~ As will be apparent, the
curvature of -the- inner arcuate edge portions. §6-of ele-

menis. 59: is. the same. as. the curvature of the- annular-

groove. 61.formed in element. 16. . The elements 59 are-
actuable radially toward and away from axis-22-and into
and: out: of groove 61 by means of a. pair of pins 63
which -are.rigidly attached. to.elements 59 -and. project

downwardly therefrom through a pair of slots: 64 formed:
" in the. lower plate 57 .of element 17. Slots 64 are of a
length -to allow:. just sufficient sliding. movement of ele-
ments. 59 to.‘move . these. elements. between: their active-

positions. .of - reception. -within. groove. 61,  and radially.

outwardly displaced retracted positions in'which-elements-

59.are not. received within. groove .61, to-thus-allow up-
ward removal of elements. 16 and:the.carried. slips from

the rest of:the apparatus. . The parts 59-may be releasably -
held in their inner positions: by means.of a pair:of-ball

detents 65 (see Fig. 2), which are receivable -within coni-
cal recesses .66 formed in the under.surfaces of parts-59.-
The. ball detents. 65 are yieldingly urged upwardly- by
coil- springs. 67, which may be. confined within: housings.
€8-threadedly connected at their.upper ends 69:into-lower

plate 57 of ring 17.  As will be apparent, the ball detents-

65 are urged: upwardly. with sufficient force to: effectively

hold parts:59, in their. inner. active.positions, and yet.the
force of springs 67 is sufficiently light to be overcome by -

manyal-retracting force.exerted against-actuating pins:63.

The upper rings 16 and 17 and:the carried slips 15-are--

adapted:to be power-actuated vertically. between. the lower

full line position of Fig. 3, and the upper: breken line.

17

e



2,089,683

, . .5 _ )
position of that figure. ~In:the upper position of Fig. 3,
the slips 15 are raised sufficiently high to be free of en-
gagement with wedge surfaces 40 of slip bowl segments
14, so that the slips 15 are able to hang freely directly
downwardly from ring 16, and thus are displaced farther
away from the axis 22 than in the Fig. 1 position. Thus,
when the slips 15 are in this- way retracted radially
outwardly, the opening through the entire apparatus is
sufficiently enlarged to pass an enlarged tool joint or other
increased diameter element vertically through the appa-
ratus. As the rings 16 and 17 and slips are subsequently
lowered toward their Fig. 1 position, the wedge surfaces
40 and 42 co-act to progresswely cam slips-15 toward
axis 22 and into tight gripping engagement with- a pipe
54 received within the apparatus.

The vertical actuation of ring 17 relamve to the lower
mounting ring 18 is effected by means of the two pre-
viously mentioned fluid pressure operated piston and
cylinder mechanisms 19. During such vertical actuation,
the upper ring 17 is held against any tilting movement or
lateral displacement; that is, is held in a proper orienta-
tion with respect to axis 22 and ring 18, by means of two
sets of levers at opposite sides of the central opening,
each set of levers including a first lever 70 and a second
lever 71. The functioning of these levers will be dis-
cussed in greater detail at a later point. Each piston
and cylinder mechanism 19 includes a cylinder 72; one
of whose ends has a lug portion 73 which is pivotally
attached at 74 to a bearing lug 75 rigidly secured to the
upper surface of ring 18, The piston of each mechanism
19 has its piston rod 76 projecting from the opposite end
of cylinder 72 and pivotally connected at 77 to & bearmg
lug 78 which is rigidly attached to the underside of- ring
17." The p1vota1 connection at 74 (see Fig. 1) allows up-
ward swinging movement of the left end of cylinder 72
about a horizontal axis, while the pivotal connection at
77 permits relative pivotal movement of rod 76 and-lag
78 about a second horizontal axis extending parallel to
the axis at 74. Each of the cylinders' 72 extends at an
inclination to the horizontal in the lowermost position of

Fig. 1, so that when pressure fluid (for example, com- -

pressed air) is fed to the lower end of cylinder 72 through
inlet 79, the piston and its rod 76 exert force against lug
78 having an upward component, thus resulting in up-
ward displacement of ring 17 relative to ring 18. As seen
clearly in Figs. 2 and 3, the two piston and cylinder mech-
anisms 19 are located at opposite sides of the central pipe
passing opening, the lugs 75 and 78 being rigidly at-
tached to rings 18 and 17 respectively toward their outer
eédges by means of suitable screws represented at 80
(Fig. 2).

“The structure 20 for feeding pressure fluid to cylinder
72 includes two complementary rigid metal rings 81 and
82 (see Figs. 1 and 4), which are suitably secured to-
gether in any suitable manner as by screws 83, and which
are rigidly attached to the underside of ring 18, as by
welding of the upper element 81 to ring 18. The two
opposed faces of rings 81 and 82 are recessed, to recéive
therebetween a third rigid preferably metal ring 84, with
seal rings 85, 86, 87, 88, 8% and 20 being received be-
tween ring 84 and the other two rings. As will be ap-
parent, all of the various rings 81 through 90 are annular
and are centered about the vertical axis 22 of the appara-
tus, and have the cross sectional configurations repre-
sented in Fig. 4, Compressed air or other pressure fluid
may be fed to a pair of radial passages 91 and 92 in ring
84 through a pair of radially extending pipes 93 and 94
threadedly connected into the outer ends of passages 91
and 92. These pipes 93 and 94 are received within and
pass outwardly through a pair of notches 95 cut in the
upper edge of stationary -element 27, which notches are
of a-width: corresponding substantia'lly to -the diameter
of pipes 93-and 94 to retain these plpes and the connected
ring 84 agamst rotation with rings 81 and 82, The
notclies 95 are open-at their ‘upper: sides- to allow pipes
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93 and 94 to move upwardly out of the notches whenevér
the slip mechanism is removed from the rotary table. -
Pipes 93 and 94 are of course rigid, but may be connected
at their outer ends to flexible hoses 932 and 94a, to allow
for the discussed upward removal of the apparatus from
the table. -

Passage 91 in ring 84 connects through a passage 96
with a space 97 at the underside of ring 84, which space
in turn  communicates with the previously mentioned
line 79 connecting into the lower end of the two cylinders
72. Similarly, the second passage 92 communicates
through a passage 98 with-an upper space 99, which is
connected to a line 100 leadmg to the upper euds of the
two cylinders 72. The seal rings 85 through 90 may
be formed of a resiliently deformable seal material, such
as rubber or felt, and have the illustrated configurations
to effectively confine the air or other pressure fluid
against leakage from the two annular spaces 97 and 99,
so that fluid is effectively fed from the stationary lines
93 and 94 to the rotating lines 79 and 106 through the
ring type swivel connection of Fig. 4. Referring now
to Fig. 6, if the pressure fluid utilized for actuating mech-
anisms 19 is compressed air, that air may be fed to the
apparatus. from -a suitable supply tank 101, which -is
continuously maintained under the desired pressure by a
pump or compressor 102. From tank 101, the com-
pressed air may flow to a multiple position valve 193,
which functions' as' a reversing valve for selectively ad-
mitting pressure fluid to:-either line 93 or line 94, with
the second of the lines being a return line through which
pressure fluid: flows back to valve 103 for discharge
through an- outlet represented at 104. Thus, valve 163
may be set in a condition for admitting compressed -air
or other pressure fluid to line 93, to pass through the
swivel assembly of Fig. 4 into line 79 leading to the lower
ends of cylinders 72, to thus cause the cylinders to elevate
tings 16 and 17 and the carried slips 15. " In this condi-
tion, the pressure fluid from the upper ends of the cylin-
ders returns through lines 100 and 94 to the valve, for
discharge at 104. In the reversed condition of valve 163,
pressure fluid is admitted to the upper ends of cylinders
72 through lines 94 and 190, and is discharged from the
lower ends of the cylinders through lines 79 and 93,
to leave the valve at 104. Also, valve 163 of course has
a neutral position, in: which pressure fluid is admitted to
neither end of the cylinders, and the apparatus thus re-
mains at the position to which it has previously been
actuated. If'the pressure fluid being utilized is not com-
pressed air, but rather is a hydraulic fluid, the fluid dis-
charged from the valve through outlet 164 may be con-
ducted through a suitable line back to the inlet side of
pump 102, for recharging into pressure tank 101,

The two levers 70 are pivotally connected at first ends
105 to ring 17, while the levers 71 are pivotally con-
nected at their corresponding ends 106 to the upperside
of ring 18. To effect the pivotal attachment of levers
70 to ring 17, these levers are rigidly attached to oppo-
site ends of a horizontally extending connecting shafi
107 (see Fig. 2). More specifically, each end -of this
shaft may carry a nut 108, which tightens a washer 109
against the end of a corresponding lever 70, the latter
containing an opening 110 through which a reduced por-
tion 111 of shaft 107 passes.. When nut 108 is tighténed,
it holds lever 7@ against-a shoulder 113 formed on shaft
107, to thus secure the two levers 70 in fixed relation to
shaft 107. The shaft passes through a pair of bearing

- lugs 112 attached to the underside of ring 17 in fixed

relation thereto, to thus mount shaft 107 and the at-
tached levers 70 to rmg 17 for relative pivotal movement
about the horizontal axis of shaft 107. The bearing lugs
may contain suitable bearing metal sleeves 114, for jour-
nalling shaft 107 and for laterally engaging levers 70 to
hold shaft 107 and the levers against movement: ax1a11y
of the shaft.. The two levers. 70 are of course ‘attached
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to shaft 107 in a relation such that these levers will always
project in the same direction from shaft 107, radially o
the axis of that shaft. :
The left ends of the two levers 71 (as seen in Fig, 1)
are rigidly connected to a horizontal shaft 115, in the

same way that levers 70 are connected to shaft 107, and -

the unit formed by levers 71 and shaft 115 is pivotally
attached to the upperside of ring 18 for swinging move-
ment about the horizontal axis of shaft 115 by means of
a pair of spaced lugs 116 functioning the same as lugs
112 of the upper shaft. The axes of shafts 107 and 115
are directly parallel to each other and lie in a common
vertical plane.

At their right ends (Figs. 1 and 2) levers 70 and 71
each carry a transverse stub . shaft 117, secured to the
respective levers by nuts 118, and rotatably carrying in-
dividual rollers 119, which are rotatable about axes
extending parallel to the axes of shafts 107 and 115.
The rollers 119 which are carried by shafts 70 are mova-
bly received within a pair of guide channels 120 rigidly
attached to the upperside of ring 118, while the rollers
119 carried by levers 71 are correspondingly movably
received within a pair of guide channels 121 rigidly at-
tached to the underside of rings 17. Each of these guide
channels guides the associated roller 119 for movement
only horizontally relative to the associated ring 17 or 18,
and in a direction directly radially of the shaft 107 or
115 which is attached to the opposite side of the same
ring. For confining the roller, each channel forms a
horizontal passageway dimensioned to exactly receive the
roller, and having shoulders 122 (Fig. 3) extending along
its open side for confining the roller against displacement
laterally out of the passageway. Intermediate their ends,
the levers 70 and 71 curve arcuately away from axis 22
(at 123), to avoid interference with the inner slip mech-
anism. At their exact midpoints, the levers 70 and 71
of each set of levers are pivotally interconnected for
relative pivotal movement about an axis 124, which axis
is exactly midway between the axis of shaft 107 and the
axis of the roller 119 carried by lever 78, and is also
exactly midway between the axis of shaft 11§ and the
axis of the roller 119 carried by lever 71. Also, axis 124
is of course parallel to the axes of shafts 167 and 115
and rollers 119. The attachment together of levers 70
and 71 at axis 124 may be effected by means of a pair
of headed pivot pins 144, which are threadedly connected
into levers 70 and pass through bushing sleeves 145
contained within openings 146 in levers 71.

As will be understood, the connection formed between
the two rings 17 and 18 by levers 70 and 71 allows ver-
tical movement of ring 17 relative to ring 18, but very
positively holds ring 17 in a proper horizontal position
and in proper vertical alignment with ring 18 in all posi-
tions of the upper ring 17. The upward movement of
ring 17 may be limited by engagement of rollers 119
with four stop screws 125 which are adjustably mounted
to endwalls 126 of channels 120 and 121.

To assist in supporting the weight of drill pipe 54 when
engaged by slips 15, I prefer to provide a pair of spring
units 127, positioned at opposite sides of axis 22, and
each including a vertically extending coil spring 128 (see
Fig. 3) of very substantial strength. This coil spring is
contained within a pair of vertically telescopically mov-
able tubular sections 129 and 130, the former of which
bears upwardly against upper ring 117, and the latter
of which is rigidly attached by screws 131 to lower ring
18. In the lower position of Fig. 3, the downward move-
ment of ring 17 is limited by engagement of that ring
with the upper end of tubular member 136. In all posi-
tions of ring 17, the two-springs. 128 remain under con-
siderable compression, to-always exert a very substantial
upward force -against ring 17 tending to support the
weight. of pipe 54.

. -In describing the operation of the illustrated ‘apparatus,
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assume first. that the apparatus is assembled to the Fig.
1 condition, but with the upper ring 17 in its broken line
elevated position -of -Fig. 3. If it is then desired to actu-
ate the slips 15 to. positions in which they will effectively:
support -the well spring 54 from the rotary table, the
operator actuates the valve 103 of Fig. 6 to a position
in which it admits compressed air or other pressure fluid
through line 94, swivel unit 20, and line 109 to the upper
ends. of cylinders 72, to thus cause the pistons to move
downwardly within the cylinder 72, and thus lower the
ring 17 and the suspended slips 15 to the full line posi-
tion of Fig. 3 (the Fig. 1 position). - As the slips move
downwardly, they are cammed radially inwardly by sur-
face 40, to move into tight holding engagement with the
well pipe 54. Thus, the well pipe is effectively supported
by the slips in fixed relation to the rotatable section 12
of the rotary table. When it is desired to release the
pipe 54, the valve 103 may be actuated to a positien in
which pressure fluid is admitted to the lower ends 79 of
cylinders 72, and is discharged from the upber ends of
the cylinders, to cause piston rods 76 to exert upward
forces against ring 17, to thereby retract the ring up-
wardly to its broken line position of Fig. 3. In this posi-
tion, the slips are able to swing outwardly away from the
well pipe 54, and thereby free the pipe for vertical move-
ment within the well. In the lower full line position of
Fig. 3, ring 17 may be horizontally aligned with the floor
structure 132 of the drilling rig.

~ During. the radial movement of the slips 15 into and
out of engagement with the pipe 54, the links 46 and 49
act to hold the various slips in a proper interrelationship
assuring that all of the slips will engage and hold the
pipe. Specifically, the links 46 keep the slips 15 always

in positions in which their inner surfaces 44 face inwardly

toward axis 22, and the links 49 secure the adjacent slips
together for movement in union, and also maintain the
inner surfaces 44 of the slips always in essentially ver-
tically extending positions (as in Fig. 1).

If it is desired, the entire slip unit can be removed from
the interior of the apparatus, by merely retracting ends
63 and ‘their attached parts 59 radially outwardly, to
move parts 59 out of groove 61, so that ring 16 and the
suspended slips 15 can be withdrawn upwardly from the
rest of the apparatus. When the slips are in use, they
are at all times very effectively held in properly centered
position relative to axis 22 by virtue of the direct con-
nection of the main supporting body 18 to master bush-
ing 13; that is, the slip structure is all attached directly
to the rotating portion of the rotary table, rather than to
the outer stationary portion 11 of that table as has .gen-
erally ‘been the case in prior power slip arrangements.
When it is desired to remove the entire power slip appa-
ratus, this may be done by lifting the ring 18 and all of
the carried parts upwardly away from the rotary table,
withdrawing pins 140 from the sleeves 141 within which
they are contained, to leave the bushing 13 accessible
for reception of ‘a kelly-drive bushing or other unit.
When a kelly-drive bushing is employed, it may have
pins corresponding to those shown at 140 and received
within the sleeves 141 to rotatably drive the kelly with
the bushing.

Fig. 7 represenis fragmentarily a slightly variational

form of the invention which is adapted for handling .a

somewhat smaller pipe than in Figs. 1-6. The numerals
designating the different parts in Fig. 7 correspond to the
numerals of Figs. 1-6, except that primes have been
added.. In order to convert the Fig. 7 device for han-

dling a smailer pipe, the two semi-circular slip bowl seg-.

ments 14’ are made thicker than the segments 14 of the
first form of the invention, with the result that the slips
15" are cammed inwardly farther than in Figs. 1-6, as

permitted by links 46’, to thus engage and. support the.

smaller size pipe.

Lclaim: ) .

1. -A power.slip assembly for use with a well drilling:

Rz
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totaty table having & stationary portlon and a rotatmg

portlon turning about a vertical axis, said assembly com-
prising a support structure, neans for mounting said sup-
port structire to said rotating portion of the rotary table
and for rotation therewith about said- axis, slips movable

vertically relative to said support between lower active:

positions and upper inactive positions, a carrier structure

movably mounted to said support structure and carrying-
and movable vertically with said slips, means for actuat-'

ing said carrier structure and slips vertically relative to
said support structure, and a plurality of levers pivotally

connected near their ends to said support structure and to.

said carrier structure respectively and pivotally connected
to one another at locations intermediate their ends and
positively maintaining the carrier structure against tilting
movement from a predetermined aligned position with
respect to the horizontal as the carrier structure moves
vertically to different positions.

2. A power slip assembly for use with- a_well drilling
rotary table having a stationary portion and a rotating
portion turning about a vertical axis, said assembly com-
prising a support structure, means for mounting, said
support structure to said rotating portion of -the. ro-
tary table and for rotation therewith about said. axis,
slips  movable vertically relative to said support be-
tween “lower active positions and upper inactive po-
sitions, a carrier structure movably mounted to said sup-
port structure and carrying and movable vertically with
said slips, means for actuating said carrier structure and
slips vertically relative to said support structure, and
aligning means for positively maintaining said carrier
structure in a predetermined position of alignment with
the horizontal as the carrier structure moves vertically
to different positions, said - aligning means comprising
first and second levers having first ‘ends pivotally con-
nected to said support structure -and said carrier struc-
ture respectively and having second ends connected to
said carrier structure and support structure respectively
for relative pivotal and horizontal movement but re-
strained against relative vertical movement, and means
pivotally connecting said levers together intermediate
said ends thereof.

3. A power slip assembly as recited in claim 2, in-
cluding two of said pairs of levers between said sup-
port structure and said carrier structure at opposite sides
of said -axis, said actuating means including two inclined
pistons and cylinder mechanisms at opposite sides of said
axis and connected at opposite ends to said support and
carrier structure respectively to actuate the latter verti-
cally relative to said support structure.

4. A power slip assembly as recited in claim 3, includ-
ing a first rotating fluid feed ring turning with said
support structure and a nonrotating feed ring for sup-
plying fluid to said first ring.

5. A power slip assembly for use with. a well drilling

- rotary table having a stationary portlon and a rotating

poruon turning about a vertical axis, said assembly
comprising a support structure, means for mounting said
support structure to said rotating portion of -the rotary
table and for rotation therewith about said axis, slips
movable vertically relative to said support between lower
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éal movement ‘relative to the- support striicture and- fés
straining the carrier structure against relative tilting or
horizontal shifting movement upon actuation of said in:
clined piston and ‘cylinder mechamsm and in spite of the
inclination thereof, '

6. A power slip assembly for use with a well drilling
rotary table comprising a support structure, a carrier
structure mounted to said support structure for relative
vertical movement, a plurality of circularly spaced slips
movably suspended from said carrier structure, a plu-
rality of links suspending said slips respectively and
each pivoted at an upper end to said carrier structure
and at a lower end to one of the slips to allow radially
inward and outward movement of the slips, and ‘a plu-
rality of pairs of additional links movably connecting
adjacent slips together, each of said pairs of additional
links including a first link pivotally connected, toward
a first end thereof, to a first slip for relative pivotal
movement ‘about ‘a first generally vertical axis, a second
link pivotally connected, toward a first -of its ends, to’

a second and adjacent slip for relative p1vota1 move-

mient about a second generally vertical axis, and means
plvotally connectmg said first' and second links together
toward second ends thereof for -pivotal movement rela-‘
tive to one another about a third generally vertical axis.

7. A power slip assembly for use with a well drilling
rotary table having a stationary portion and a rotating
portion turning about a vertical axis, said assembly com-
prising a support structure, means. for mounting said
support structure to said rotating portion of the rotary
table and for rotation therewith about said axis, slips
movable vertically relative to said support between lower
active positions and upper inactive positions, a carrier
structure mounted to said support structure for rotation
therewith and for vertical movement relative thereto,
an essentially annular member centered essentially about
said axis, connector means detachably connecting said
essentially annular member to said carrier structure for
vertical movement therewith, means movably suspending
said slips from.said member, and means for actuating
said carrier structure, and thereby said member and
slips, vertically relative to the support structure, said
essentially annular member and slips being completely
detachable from the carrier structure, said carrier struc-
ture being essentially a ring disposed essentially about
said member, said connector means comprising a pair
of lock elements movably mounted to said ring and each *
receivable within an outwardly facing recess in said
member to detachably support the latter.

8. A power slip assembly as recited to claim 2, in
which said first mentioned means comprise means adapted
to mount said support structure to a master bushing
contained in said rotating portion of the rotary table
and for rotation therewith.

9.. A power slip assembly as recited in claim 2, in
which said first mentioned means include pins project-'
ing downwardly from said support structure and receiv-
able within ‘driving recesses in a master bushing con-
tained in said rotating portion of the rotary table. .

10, A power slip assembly as recited to claim 2, in

--which said first mentioned means include externally non-

active positions and upper inactive positions, a' carrier

structure movably mounted to said support structure and
carrying and movable vertically with said slips, a piston
and cylinder mechanism turning with said support struc-
ture and said carrier structure and operable to actuate
the carrier structure and slips vertically relative to-said
support structure, said piston .and cylinder mechanism
having an upper end pivotally connected to said carrier
structure and a lower end pivotally connected to said
support structure and being positioned to swing up-
wardly from a retracted inclined position to a more
vertically extending position as the carrier structure is
elevated relative to the support structure, and position-
ing means guiding said carrier structure for omly verti-
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circular means projecting downwardly from said sup-
port structure and receivable within a noncircular recess
in a master bushing contained in said rotating portion
of the rotary table in a relation to drive the support
structure with said bushing.

11, A power slip assembly as recited in claim 2, in
which said first mentioned means include a master bush-

-ing adapted to be mounted in said rotating portion of

the table, and means for attaching said support structure
to said bushing for rotation therewith,

12. A power slip assembly as recited in claim 2, in
which said actuating means comprise a fluid pressure
operated piston and cylinder mechanism for raising and
lowering said carrier structure,
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13. A power. slip. assembly. as. recited in claim 2, in
which said actuating means. comprise a. fluid pressure
operated - piston and cylinder. mechanism- turning. with
said support. structure. for raising and lowering: said

carrier structure, a first fluid inlet ring turning with said-

support structure, and a second nonrotating fluid inlet
ring. for feeding fiuid to said first ring and sealed with

respect thereto, both of said rings being centered about.

said axis and spaced outwardly therefrom.

14. A power slip. assembly. for use with. a.well. drilling,

rotary. table having a stationary portion and a rotating
portion. turning about a vertical axis, said assembly
comprising. a support structure, means-for mounting. said-
support structure to said rotating, portion-of the rotary

table. and for rotation therewith about said. axis, slips.

movable vertically relative to said support between lower
active. positions. and. upper inactive positions,. a carrier
structure movably mounted. to. said support structure

and. carrying. and movable. vertically with said. slips,. a-

piston. and cylinder mechanism turning. with said sup-

port. structure and said carrier structure and operable.

to. actuate the carrier structure and slips. vertically rela-
tive to said. support structure, said piston and cylinder
mechanism having an upper end pivotally connected. to
said carrier structure. and a lower end pivotally con-
nected to said. support structure- and being positioned to
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swing. upwardly from a retracted inclined position to. a
more vertically extending position as the carrier struc-
ture. is elevated relative to the support structure, and
positioning means - guiding said carrier- structure for only
vertical- movement relative to the support structure and
restraining. the  carrier structure against relative tilting
or. horizontal shifting movement upon actuation of said
inclined piston and cylinder mechanism and in spite -of
the inclination thereof, said positioning means including
a plurality of levers pivotally connected near their ends
to said support structure and said carrier structure re-
spectively. and pivotally connected to one another at
locations intermediate their ends and maintaining the.
carrier structure in predetermined orientation with re-
spect to said support structure during said relative verti-
cal movement.
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