2224295 | MPROVED SLI P ASSEMBLY This invention relates to an hydraulically
operated double acting slip assenbly useful to grip pipe as requiregd while
pipe is being run into or pulled froma well. U S Patent 4,576, 254 1»
discloses a slip assenbly structure conprising double acting slip systens
whi ch after being operated to grip pipe,1adtomatically gripped 2’2324)2@5
tighter on slight upward or downward novenent of the pipe cause I
upward or downward | oad on the pipe. ‘These snall |oads nmay occur each tine
the slips are operated to grip pipe as pipe is being run into or pulled
froma well through the slip BMERAWED SHIPYASSEMBI¥ent of the pipe
automatically causes the slip systens to grip pipe tighter and forces
resulting fromthe tighter grip induce frictional forces between slip

Z;iigli ronber . by 1 JESEREIRR | %’Qﬁ%?ééﬁévaﬁ?ﬁgtgg}?fgﬁéﬂ% o hove the
canhot be moFBRTRIR, SrbBh o *?iﬂ%?psplﬂf% §S%'85§§L§§$mn‘°ﬁ§ﬁ¢bpe§¥% pi pe
unl ess the pagegeap&%swm%gegg sHd AU eipyordly; Lo IgUTIRAGLE B

pr eci se "neutra osition C grip ni ng syst em S
not operati Ng. well.

U.S. Patent 4,576,254 discloses a slip assembly

= structure comprising double acting slip systems, which

after being operated to g;ip pipe, aﬁtomatically gripped

thg pipe tighter on slightlupward or downward movement

of the pipe caused by a small upward or downward load on

the pipe. These smalllloads may occur each time the

slips are operated to grip pipe as pipe is being run .

into or pulled from a well through the slip assembly.

Slight movement of the pipe automatically causes the

'slip systems to grip pipe tightef and forces resulting

from the tighfer grip indﬁce'frictional forces between -
— . slip assembly members, which are gfeater than forces C;?

applied to the slip assembly members by a pressurized

hydraulic operating cylinder to move the slip systems to

a position not gripping pipe; therefore, the slip

systems cannot be moved inadVertently or on_purpose to a

position not gripping pipe unless the pipe is

repositioned slightly upwardly or downwardly to the

precise "neutral” position where the automatic grip

tightening system is not operating.



-2- That slip assenbly structure nore specifically conprises housing nmeans
t hr ough whi ch pipe is nmoved into and out of a well,  with slips in said
housi ng for- gripping the pipe. Means |nclud|ng medges are provided for
driving the pipe-gripping neans between gglpplng and non-gri ppi ng :
positions. The automatic increase. of gripping force on gripped pipe is.
obtai ned by nmeans conpri sing secondary wedges between the wedges and the
slips and to which the wedges and S|IpS are slldably secured through

dovetails. Field opepphirog19b g%yﬁg@ %?gag ned u.s.
pagent showed that operators ha%% to vertlca ly” rep05|t| n pipe s

di stances mntohPﬁgesWﬁaus&hg flelaPsS hHr Wy eI i (il 'i%'i'rﬂd(réﬁ Iiﬁ{wg
pi pe tighter ore the pipe was at the precise | evel where t

pressurized opaBabumgofykll Weel,Caitth HIMDS e Hdid HGusAny tﬂbza posi tion
not gripping pipe. As a result locating the pipe at a desired position is

very diffi cul grapgingntheopdpei.ngMelinso intluding wedyespare erovdrdExpense
were experlenced with the structure used to position and gui de the wedges

and slip syst éms. didvisgetbey pipecgeilpping means dedween \grippdnd and

gripping -conprises a slip assenbly for gﬁﬁpplng pi pe conpri sing housing
neans t hr oughn@R-gRipppagi pogddenisnt o Thed ankomsitis Waicreassaef ithesai d

housi ng for
: gripping force on gripped pipe.is obtained by means
comprising secondary wedges between the wedges and the
slips and to Wthh the wedges and slips are slidably

secured through dovetails.

Field operation of the slip assembly of the above
. mentioned U ,S. patent showed that operators had to |
vertically reposition pipe small distances many times,
when the slip systems were_automatically gripping pipe
tighter, before the pipe was at the precise level where
the pressurized operating cylinder could move the slip
systems to a position not gripping pipe. As a result
AN ‘ locating the pipe at a desired position is.very |
) difficult and time—consuming Also, manufacturing
problems and expense were experienced with the structure
used to position and guide the wedges and slip systems.
An assembly according to the present invention
for gripping comprises a slip assembly for gripping pipe
. , comprising housing means through which.pipe is moved

into and out of a well; means in said housing for



-3- gripping pipe; neans for operating said gripping neans between
positions gripping and not gripping pipe;, means associated with said;pipe
gripping nmeans for autonaticallyfigcreasing grip on gripped pipe in :
response to subsequent upward or dBwiward | ongitudinal novenent of gr?ﬁbed
pi pe characterised in that said grip-increasing neans.are arranged to
operate only on upward and downward novenents in excess of about 18mm (0.7,

i nches) .slip.asse : e lcalls -uat. an include -
wedges %ﬁ%ﬁségérg%ﬁé'an@%é3$2¥ggt?Eégéﬁgbbs%%%éng%gp§kg§rgg%S%ed-radially
| nvar dl yeaRdeAULYRY €i¥n0gBipBiRg HRAM hBtPLRS pRYnkChabeld mREHLY segnents
pivotally connected in the inner race of a"ring béaring, which is supporte
I n ringasseseatedswaeRdsaiaupiipkhgrippingUmeahlde foami ng segnents are
conveniently grooved top and bottom-and are slidably connected to the
out si deaatoiAeighlpywedgereabyngngaipnons ggippedopagecdin n a "T" slot in the
out side of each wedge. .The bearing supporting ring segnents can be nounted
bet weenregpensantiol subseghanhtsupwaril ofr dbwolalrds lengdpedingl f or pi pe
passage. The bottom pl ate may .have an appropriate connection for
connect nayempatspEpguippadl pipe ghavhpcterised Ag thiat seidel | head. An
hydraul i ¢ operating cylinder can be pivotally ' _ I
grip-increasing means are arranged to operate only on
upward and downward movements in excess of about 18mm

(0.7 inches).

The slip aésémbly may be hydraplically actuated
and can include wedges each carrying a double acting
slip éystem which are moved fédially inwardly and
oUtwafdly to grip 6f uﬁg:ip pipé by rofating'camﬁing
ségments pivotally connécted'in ﬁhe iﬁner race of a ring
beariﬁg, which is supported ih ring éegménts spaced
arouna'the.bearing. Thé camming éegments.aré'
conveniently gfoéved fop,and bottom and are slidabiy_

_¢onnected to the outSide-of.the SIip wedges by engaging
segment grooves ina "T" sldt in the outside_df'each
wédge. The bea;ing Suppdrtiﬁg fing segﬁénts can be
mounted bétween upper.and lowér plates, each of whiCh
has an opening; for pipé passége. Thé bdttom plate may
have an appropriaté connécfion for COnneqting the-siip

assembly to a well servicing unit or wellhead.

An hydréulic operating cylinder'can be pivotally



-4- connected to the lower plate and the cylinder piston rod pivotally
connectgd to the camm ng segnerits and i nner bearing race. To nove the:

d

wedges/and slip systenms inwardly to grip. pipe, pressure is introduced into
t he cyﬁfnder to extend the piston rod and rotate the bearing inner race and

canmm ng segnents, sliding the t hi cker poficons of the camming segnents
bet,ween the wedges and ring segnents, noving the wedges and slip systens
i nwardl y. Each wedge can carry a double acting slip systemw th an insert

having teeth I ts,l f _Whi.ch gri h tside of, th '

myir 6 movecREPBECERE Reghe LOHER BLATes el e ovy O R D o
erd movenefit™ S Yo G 151 _

down' moverant EAPorARi Benelth o8l AR ARGBRAY Bha UREE P e,

be & dt | i 1A | ' d

asul ing i n BOPEArE ARCS - e R e oo B R e oo

secondary Wed@.?x%aijdil??@oe g&awb&geonp%%&u\ﬁd% fiQferdaeed’ dnald dranar d

novenent and slips slidabl’y nounted on each secondary wedge for upward and

i nwar d noveneglyl inderadiextend thePpilton GodWnd HotateSthebdatiihg
grooves in camplates attached to the secondary wedges, slidably connecting
the wedges, sannetaracesapds camhing segmegiis)ersliding the thicker :
| ' 'portions of the camming“segments"between the wedges and
ring segmenfs; moving thg'wedges and slip systems

inwardly.

Each wedge'canﬁcarry.é double aéting slip sysfem
with an insert having teeth on its inner surfaCe; which.
grips the outside of.the.pipe on inward movement of the
wedges, éach slip system being Sprihg logded'to a.

| ‘neutral position. .Any:up oi down loéd on gripped pipe

| which causes up or down moveménf of the pipe and slip
systems from heutrai position can then be_arraﬁged to
move.the siips automatically:inwardly along their
wedgés, resulting in moreftighfly gripped pipe. The

| slip systems can-comprise_secbndaryfwedges slidable
mounted on each wedge for'downwérd andﬁinwatd movement .
and slips slidably mounted.on eadh Secondary wedge fof_
upward and inward moveﬁéﬁt, the wedges and siips having.
pawls which extend into Qrooves in cam plates'attachéd
to the secondary wedges, slidably connecting the wedges,

e secondary wedges and slips together. -



-5- Aslip assenbly according to the invention:is able to include an
excel | ent - safety feature which préevents operating the slip assenbly, gither
-inadvertently .or on purpose, to ungrip pipe when the gripping slips are,
autonmatically gripping the pipe tighter. The outward force conponents¥

- resulting frominward novenent - of -t Be-sli ps up or down al ong their wedges .
to. automatically grip pipe tighter are transmtted through the wedges and
press canm ng segment surfaces against ring segment surfaces. It can be
ensured that the frictional forces between the caontacting camm ng segment
and ‘ring segnend. SkiPagesembdyypeseEAingaitor fber dnyentdorod&es i nparted to
the canmi ng segnents by the.pressurized hydraulic cylinder and the camming*
segnent s@P&Rn&P- dBcryds: 88 ¢ﬁ&}§th§aﬁ€%§é§eéﬁHr§lWﬁl§?stens out war dl y

UnOr1 PP BaebieR REesBE4Rac chil By 16, BoBRRRINLY i, oPoT 200, 0 Urorip
nevt ol SARRMISERCY G BRePuCACRRS RECLRILUBD iR VAR e o P Syt em
e elgHppeg SeppLp A matty Wity Ry o nen i)
Veftica|tibh&e&MStQﬂbﬁBﬁ%ﬁﬁﬂh Fo2ten @npRnePts re2U1¥ing from
o " inward movement:of the-slips up or déwﬁ,alqng their
-wedges to automatically grip pipé'tightér are
transmitted through the wedgés and préss camming -
segment sutfaces against ring segment Surféceé._lt can
be ensured that the frictibnél fdrceé between the
- contacting camming segment and ring éegment-surfaées :
are greater than the.rotating fdrces:impartedlto the
camming segments by the preséurized hydraulic cylinder
and the camming segﬁents cannot be rotated to move the

wedges and slip systéms outwardly ungripping the pipe.

Before this slip assémbly can be-operatéd.tO'
.ungrip pipe, the pipe must be vertically repositioned to
within the slip-systems' neutral band where frictionalt'
forces prevénting return of the slip systems to thé'
outward'position nOt.gripping pipe are_hét developéd.
. To prevent'repeated Vertical repositioning.bf pipe,
while hunting a narrow neutral band, the slip assembly
of this invention has been pro&ided ﬁith additional :

vertical slip system movement from neutral position of



-6- about 0.7 inches (18m) upward or downward before the slip systens are
autonatlcally moved inwardly to grip pipe tighter and cannot be operated to
ungrip. The-slip assenbly of this invention may al so include .inproved
struct\Yé whi ch gui des. the slip system_wedges when noved radially inward
and outward and positions the wedges bet ween t he upper and | ower plates.
equal | y spaced around the openings for pipe passage in the plates. An
object of this invention is thus to provide a slip assenbly which :
autonatlcally grips gripped pipe tighter on upward or -downward movement of
gripped pipe of nore than about 0.7 inches (18m). Among ot her desirable

fedtures, theabaeaNio.on iehed QUigsh )3 uPWarE e HIwhweE & IbeFdaOtrHee ,
operated to ungrip pi pe when gripping pipe tighter, which does not require

repeat ed reposiltiipoiiyitenls targhtatitogiatipad Iy movied AfWard1gpaigrdp t o
ungrip pipe, and which has inproved radial guides for the slip systens. The

i nventi on nmay peipeo Ylghtiede and icapnote des lope retssiritoy ungrimg sl ip system
el enments slidably connected -7- together for inward novenent by cam

pl ates. The invention will be further descrlbed by may of exanple with
reference to the acconpanylng dr awi ngs, -

The slip assembly of this invention may also.
include improved structure which guides the slip'sfstem
wedges ﬁhen moved radially.inward and'odtwerd end'
positions the ﬁedges between the upper_and iower plates
equally spaced'around the openings for pipe pessage ih

the plates.

An object of this invention is thus to provide a
slip assemhiy which automatically grips gripped pipe
tighter.on-upwerd'or downward movement_of gripped pipe

of more than about 0.7 inches (18mm).

N Among other desirabie features, the invention can
' provide a slip assembly'which cannot be operated to
ungrip pipe when gripping pipe tighter which does not
require repeated repositioning of tighter gripped pipe
to permit operation to ungrip pipe, and which hes

improved radial guides for the slip systems.

o : The invention may also provide an improved slip

assembly having slip system elements slidably connected



Wwhich: FIG 1'is a top view drawing of a slip assembly according to the:
invention. FIG 2 is-a half section drawing in elevation showing the sllp
assenbl y operated to grip pipe. FIG 3 is a cross-sectional draw ng alo
line 3- 3 in.FIG 2, showing the slip assenbly operated to. ungrip pipe®
FIG.-4.i5jan‘rsonetric,dramﬁng shewyng t he slidable connection of wedges -
and camm ng segments. FIG 5 is an isonetric drawing of the wedge wth
pawls utilized in this invention. FIG 6 is an isonetric drawi ng showi ng
the secondary wedge of this invention with cam pl ates attached. T -8-
FIG 7 is an isonetric dramnng showing the slip with pawms and insert and
detail of a typical pin -connection to the . wedges and slips. FIG 8 is a
f r agnent kpgeskeri AT ABWARG BOVPPENEy BYeRAM PA8EFSSal position gripping
pipe. FIG 9 is a fragnentary section drawing showing a slip system
automatical ly grlpplng downwardly | oaded pipe tighter. FIG 10 is a
fragmentary section drawi ng showi ng a sllp system automatical |y grlpplng
- upwardl y | oaded pi pe tighter.

The 1nvention w111 be further described by way of

.example, with reference to the accompanying drawings, in

which:

FIG. 1 is a top view drawing of a slip assembly '_\~/

according to the invention.

FIG. 2 is a half section drawing in elevation

showing'the slip asaembly operated to grip'pipe.'

FIG.'3 is a crOSadsectiénal'drawing along line 3-
3 in FIG.'Z, showing the slip'assembly operated to

ungrip'pipe.

FIG. 4 is an isometric drawing showing the

slidable Cbnhqption of wedges and camming segments.

FIG. 5 is an 1sometric drawing of the wedge with

pawls utlllzed in this inventlon.

FIG. 6 is an isometric drawing showing the
secondary wedge of this invention with cam platés

attached.



FIGS. 1 and 2 show a slip assenbly 10 having a | ower plate 11 and an upper
plate 12. The | dwer plate has a connection |la for connecting the |ower .
plate and slkip assenbly to a well head or well servicing unit. Pivot- ally
mounted™i n sl ot 11b:in the | ower plage is an hydraulic operating cylinder

13. This operator is attached in the bottomplate slot by a pin 14 through

13, This oper ttached in the botto sl ot by a pin 14 throug
the hol o by drivELbnd 18, SnChRaB¥tERETrhRtng Pranthd Pl EabHELES and

7, used U BaRRaduRh, TRESEL" glaT hUkdn1! BEOaBgo LER LUR CUDRBEEILRT o e
13c in “h'ﬁ@d?és”QHHtQ?%?sbear'n9-18- An operating arm 19 has rod portion

19a which 1s Pnserted ough a hole in the bearing, pivotally connecting .

the operating arggndgoper at Pragmdhea$PNEEEi O sRowEEyT £0s 1 § hsph PERY;
castl e nut .20. -9- Mounted %%?mee% ?he upper-gﬁ% ?%%e?_%%%éegpgggﬁth?ee

i denti cal heO8ra€IpEeL bidh, gbPpsERlg 1pPpeegrees apart and positioned by
upper and | ower ring Segnen§ extensions 2la protruding into mating grooves
11b and 12a in theG| o9weisandf ipprenphey esectidh Prdwindfisiapignda botipm
bolts 22 passing through holes in the upper and | ower plates and screwed
into threasedténl sstomaebcdlly ngrsppiegt dodmed vdil yn gl eaddd rpipe sepgetért o

t he upper and | ower plates. Between the upper and | ower plates are rods 23
having pin portibhG.{h8tbsead fragmentary section drawing showing a slip

.syStem automatically gripping upwardly loaded pipe tighter.
N

FIGS. 1 and 2 éhow a slip assembly 10
having a lower plate 11 and an upper plate 12. _Thé
16wer piate has a ccnnection_lla for éonnécting the 19Werfpléte
'  #nd slip assembly to a weii head or wéll servicing unit. Pivot-
ally mounted;in'slot.llb in:the lowet'plate is-an hydraulic
operating cylinder 13. This operator ié attached in the botﬁom
plate slot by a pin 14-thr6ugh hole 1lc in the lower'plﬁte énd :
| cylinder ﬁab 13a. fhe pin is fetaihed_in_the hole by drive
| pins 15. Conneé;ed to the. cylinder are conduits 16'and 17,.
used to conduct pressured flﬁids into and froﬁ'thg |
cylindér for operation of the slip assehbly. -The cylinder
has a rod 13b having a hole 13c in thch is mounted a bearing
-7/ 18. An operating arm 19 has rod portion 19a which ié inserted
through a hole in the beafing, pivotaily connecting fhe'
operatinglarm and operator. The connection is secured with

pinned castle nut 20.



bottom holes in the | ower plate with bolts 24 securing a cover 25 and the
upper plate to these rods. Each ring segnent 21 has a large radial groove:

~ 21b and a snmll wider groove 21c cut inside. Housed, in'the |arger ,inside
segment . grooves i s an outer bearing race 26 of sealed ring.bearing 27,¢

. having seals 28 and an inner race 29- The inner.-race has hol es 29a spaced
120 degrees apart. and is housed in grooves 30 in the outside surfaces of
t hree camm nilosmgresintbe tieen $hecwppez aadndowezapl aczsmiarg thgeent to t he
bearing inner-race and each segnent is provided with a slot 3la.and a cross
hol e 3identigal cdmg sgermegtsniZlhaspaceduddl degrges apardcandic and a =
concentric inner arcuate surface 31d in groove 30. Two of the camm ng ..
segmenPesiitd opiedotbyl WppeThadded OMNE Tt FdNEe SEgNGNitn et engdonsy Zdians 33 o
surrounded by bushing 34 in holes 31b.in the cammi ng segnents and, two hal es
29a - spREEGTULE Nge didds maddng EgFooNespdaPbi agdr dde. mAtﬁlﬁng}eweai angs js-
passed t hrough hol és-19h in.the gperating arm_ hole 31b.in the., -10-

Dot d LRASENS Ladsitont ki R Sa R e poald; Bofirem hedisndd PRYSinge -
.connecting. the.arm_ C L,Ng 'segnent .and inner _race. Pin i,s.secured with
anot hef 63P390P°%§éh1§$$hﬁu3P£§§n€H9_ﬁagegn%&66§% ?Q&igfrégggvéigfé and a
corres i I .o adi r ' ce LQm. a-RNers arcuat e
EQS%SQQSUQWQeS 34 tacgl 99%%_?%%P§BQ, ?agtgﬁﬁﬁgdggc %ing

surfac t across -the outef s ace of eac 6 as“shown in FI G
5 IS §e§$gnilQ5 %@e-up%@&haW%dQQWQESQIQQESH”“@@Qw%éhthe_upper and

lower platés are rods'23'having'pin portions faﬁténed in flat

*

bottom hblés in the lower plate wifh bolts_24 securing a cover Q_)
25 and the upper plate to these rods. |
Eath-ring'ségment:ZI has 5 largg-radial.groove 21b and a

small wider_gfodve 21c”cu£:inside.r Housed in the larger'inside
ségment'gr06ves is an'outef bearing race 26 of sealed rihg

bearing 27, haVing'seais 28 and an inner race-29; The inner

race has holes 29a sp&ced 120 degrees-apart and is housed in

grooves 30 in the outside sufféces of three camming segments

31. Screws. 32 ébnné;t each camming segment to the bearing

inner race and eaéh segment is provided-with a slot 3la ahd a .
cross hole 31b. Eacﬁ'camﬁing.segmént_hés an outer arcuate \“{
surfaée_Slc'énd a éoncéntric inner arcuate surface 31d in
'grooye 30. Twé of the camminngegmehts are pivotally connected
to the bearing inner race by pins 33 surrounded by bushing 34
in holes 31b in the.camming'segments and two hole§ 29a spaced
120 degrees apart in the bearing race. A longer.pin 55 is o

passed through holes 19b in the oberating arm, hole 31b in the



sions-36a and 36b, which are slidably engageabl e in ‘camm ng segment grooves
3le and31f, slkdably connectlng each camm ng segnent to each wedge as
shown in FIG 4. Each ‘wedge is provided with upper and | ower downwardly -
and |nwé”dly inclined surfaces 36¢c, evgalr of holes 36d, a through openlng
36e -having a lower flat surface 36?‘ rtical surfaces'36g-and a shoul der
36h. There are pairs of rods 37 anchored in each rlng segnent 21 wth set

screws 38 fHRcky veddfide Sdd AP UHAY Hb 1% P O RS e el 30

bet ween t he upper andllo p at or radi al |nmar utward nove

Swi,vel ably paeent Q_dorlr[b@@% St e :Plfm e%rﬂ’ﬁ@g%é efi=1tp'ar|‘1d391nneFIJ @acé Sh%’%

how each pawl is typically connected to the wedges and slips so that p|n

flat. surfacks 30a seyubed ref e eshgdhesr qrugrizous 10 degrees fromvertical .
secondary wedge 40, shown in FIG 6, is slidably nmounted on each wedge for
downwar d mov enmentEaah ycamiings _ywmmamsomempmur irarddra lv gmtooval 3der faadea
40a, upper and | ower - 11 - downwardly and inwardly inclined surfaces

40b, "upper aadrrespondbmgwaodey nadialtyeooy 3DEl specesurigres 40dnneat er
and inner shoul ders 40d, an o enlng 40e having a lower flat surface 40f and
a hol e 40g. aVF%ﬁﬁ%)SHFQ¢4Q33 - having an insert 42 is slidably nounted on

each secondary wedge for rd novenent .only. _ The_insert has teeth 42a on
its inner surfac raiﬁQ§ﬁ§%hf;ﬂW£?’ surface’ of each wedge 36 as shown in
| | FIG;.S is a "T"Hslot 36i.  Each wedge also has 1nward exten-i'
_sions 36a and 36b, which are slidably engageable in camm1ng
\_/  segment grooves 3le and 31f, slldably connecting each cammlng
'segment to each wedge as shown in FIG. 4. Each wedge is
provided with_opper-and'lower downwardly and'inwardiy inclined
- surfaces 36c, a pair'of holes 36d, a through opening 36e having
a lower flat surface 36f, verticai surfeces 36g and a shoulder
36h. | | '
There are pa1rs of rods 37 anchored in. eaeh r1ng segment
21 with set screws 38. . Each wedge is slldably mounted on a -
pair of rods in holes 36d between the upper and lower plates
for radial 1nward and outward movement.
Sw1velab1y mounted in each side of each wedge 1is a pln'
39. FIG. 7 shows how each pawl is typlcally connected to the
‘wedges and slips so that pin flat surface 39a may be rotated
plus or minus 10 degrees'from vertical. .
A secondery wedge.40, shown in FIG. 6, is slidably
mounted on each wedge for downward movement'only, This wedge

has outer and inner vertical surfaces 40a, upper and lower



An insert is positioned and retained in each'sITp by a screw 43. The slip
al so. has vertical surfaces 4la, upper and | ower downwardly and. outwardly
inclined surfaces 41b, a.recess 41c having a |ower flat surface 41d afd, a
shoul der 41e. Pins 39, each_hgying flat surface 39a are smﬁvelably'ﬁf _
nmount gd_ 0l ‘si de . ' skips; that L he f s e, my, be rotated
pl us g?"ﬁpﬁﬁgq?biaggH%&?&p?&nkbg?%ﬁg%[Qét£%€g§|%gﬁrgHééggdﬂﬂi %%ﬁﬂ%cted to,

a SecopEAlAr#8Y9IanaNdytaatd1§CPRERE XedCOGRE sLELARDY , CONDEFIEE, t Th R pedge by
cam pl at es 44-attache3 to each secondary wedge with screws 45 as shown in

FI G- 8hobadereamogl,abd Bpen@Hpeno0anRavRErar Eskengpl at giopves 4d@ and 44b,
with 40 percent.of the outer side of the outer groove inclined upwardly and.

- out warddyaohode 80g.2 degree angl e and 40 percent -of the inner side of. the

i nner groove inclined upwardly and inwardly on an 8 1/2 degree angle. Al

i nclined suAf 8ddp 43 (FdGweddebavirgormaipsertigbd amdsbidalslof the

“invention slip assenbly are inclined preferably 8 1/2 degrees from o
verti Bauntednen gachosesABAasy wwedes gorawéa moyemept gk ees Tl d be

- satisfactory 12 givgtalry_connected i n_each mggge,o eni ng, 36e. by a pin
46 isiBRCEtnhAP, LRALEN 4421 BRALEE i BRGR SWELATEr §O TGP BP%0e and into

2L D BRCTRRFACts, PoRREIBRedCahE FELEIFORYHEREEn e B 4 S S0P 55

- becaugg thengpchig G30BChaGOvEPEPLS) surfaces 41a, upper and lower .

” dowﬁwardly.and_outwardly'inc;ined.surfaces 41b, é'retess 4ic
.haﬁingfg lower flat‘éurféce_dld And a'shoulder 4le. Piné 39, g~)
each haﬁiﬁg flét surface 39a are swivelably-mountéd onleach
si&e'of the slips so that_the~£1at éurface may be rotated élus
~or minus 10 degrees.from uérticai. -

.Each slip is slidably connected i§ a sécondary wedge and
each secondaf? wedge slidaBly'connected to a wedge by cam
plates 44 attached to each seécondary ﬁedge with §creus 45 as
‘shown in FIG..6. | ﬁ

“Each cam plaﬁe'has outef and inner rectangular grooves

_ 44a and 44b, with 40 percent of the outer side of the outer .

.groove inclined upwardly and outwardly on an 8 1/2 degree angle N\
and 40.pefcent of the.inngr side of the inner groove inclined

'upwardly énd-inwardly on an.8:1/2 degrée angle. All inclined

surfaces on the wedges, secondary wedges and slips of the

1nvention'slip assembly are inclined preferably 8 1/2 degrees'
from vertical. 1Inclination angles within a range of 5 to 10

degrees would be satisfactory.



a slot 47a
boIt | i€t
40d.wnth
the | ower f

in the arm The conpressed spring applles an upward force on the
ng setondary wedge 40 to engage outer secondary wedge shoul der.
dge shoul der. 36h and cau5|ng wedge flat surface 40f to contact
lat surface 47b on arm 47. _ The _conpressed spring al so applies a

down force to the arm engagi ng i nner secondary wedge shoul der 40d with slip

shoul der 41
slip recess
position sl
shoywn in FI
pipe run th
wel | head or
17 are conn
may be sele
Conduit 17

outward to

intermtten
passage 51.

delivered t

e and causing armflat surface 47b to contact wedge flat 36f and
rface, 41d to al surfa es
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rod 13b fromdhe of L0 1OV IINT tARY Aldddhdary IRdge”R0l R QRGAGl B T
i s connected to a canm ng segment 31 and the inner bearing raceé wth pin

35, novenenisedfondadydiwddge shoulder 40d with wedge shoulder 36h and

.&_/

causing wedge flat surface 40f to contact the lower flat
surface 47b on arm'47 ‘The compressed spring also applies a

down force to the arm engaglng inner secondary wedge shoulder

404 with 511p shoulder 41e and caus1ng arm flat surface 47b to

B contact wedge flat 36f and sllp recess flat surface 41d to -

align surfaces 36f, 40f and 41d and position slips 41 in mid
neutral position not gripping pipe tighter, as shown in FIG. 8.

'The slip assembly of this invention may be used tO-grip

plpe run through the assembly into a well by connecting the

assembly to a wellhead or 1nto a well serv1c1ng un1t with
connector 1la. Conduits 16 and 17 are connected to a remote
pressure soorce such that.pressuriied fluid may be selectively
delivered to cylinder 13 through either conduit. Conduit 17 is
oressurized to move wedges 36 and 40 and slips 41 radially
outward_to ungrip pipe as shown in FIG. 3. Well pioe P,.ro bes
gripped intermittently as:it is.ron or pulled from a well
passes through p1pe passage S51.

To operate the slip assembly to grip p1pe, pressurized

fluid is delivered to cylinder 13 through conduit 16 causing



rotates the inner bearing race and canming segnents connected to the race
with pins 33. The wedges 36 carrying secondary wedges 40 and slips 41 are
slidably nounted between the upper and | ower plates on rods 37 which ’_
prevent rotation of the wedges. -Vh&n-the i nner bearing race and cannlﬁé
segnents are rotated clockw se by extension of the cylinder rod, the =
camm ng segnents 31 slide across the outside of the wedges and the t hi cker

porti ahstériside camodol Segfeont stheveybehdeen hbeingdopsr36ingdatrinng

segment grooves 21c, pushing the wedges inwardly until teeth on slip insert’
42 cort®ct xsuthﬁ|¢p¢mgmuﬁgasrmhnmncomnéttbdZto aneamuingdgegpenh ahd pipe
grip is main- tained by pressurized fluid in conduit 16 applying continued %
tur ni rapd otloe ixméhebéaneng reace awiithbapimnds segoeement rofn the axmended
cylinder rod through the arm. Wien fluid in conduit 17 is-pressurized,

rod 13ptatescthe i inrex Hee@yinmdeaccromd.ﬂgmmhregcamrn@t%egmesteé slide a
thi nner section between the wedges ‘and ring segnent grooves;  the wedges are

pul | et athel Tace it dpins. a3§)03|T1FQ)nW¢4)!e§1r$§Jp¢$\§rmfpﬂ $ecRAATY he " T" .
sl ot conpections as the camm ng se ts are conpected to the bearing inner
‘race Wedfaed anq hking @l Are WI&EF{\HBY s‘!“?‘b“%&gglhﬁ‘iﬁ%st%eﬁﬁpﬂ)ﬁﬁrat ed to
grip pipe, the resulting out rce conpresses the, thicke sectlons of
the 2R HPwsT %e%eqwf% w@wg& ?%gf%feagweqﬂ Shetn

14- that

;
- the out surfﬁ es of wedges ush the outer surfaces 31 of the canmi ng -
segme %o Qﬂﬁnﬁﬁh ng race an camming segments are

rotated clockwise by exten51on of the cy11nder rod, the cammihg'
_ ségmehts Sllslide across'the_Qutside.of.the wedgé$ and the <~J
thicker portions of the camming.segments move between the
wedges 36 and.fing segment'grooves 21c,.pu$hing the wedges
inwardly until teeth on sllp 1nsert 42 contact and grip p1pe P
as shown in FIG. 2. Inward wedge push and p1pe grip is main-
tained by pressurized fluid in conduit 16 applying contlnued
~ turning force on the inner race and camming segménts from the
extended cylinder rod through the arm.. When fluid in conduit
17 is pressurized, rdd 13b retracts ihto the cylindér rotating 
the camming Segments ﬁo-slide a fhinner Section between.fhe' \;J :
wedges and ring_segment,grqoves,.the wedges are pulled radially
outward to a position not gripping pipe through.the "T" slot
connectioné as the camming segments are connécted to the
bearing inner rate by screws 32 (See FIG. 3);
| When the slip assembly has been operated to grip'pipe,
the resulting outward force compresses tﬁe thicker sections of

the camming segments between the wedges and ring segments so



The double acting grip tightening slip systens carried between each wedge
and slip<insert are actuated automatically by upward or downward novenent ..
of gripped pipe fromthe neutral gripped pipe position shown in FIG 8. A
smal | wei ght on gripped pipe sufficientdf¢o cause downward novenent of -
insert 42 and slip 41 will also nove the secondary wedge 40 downwardly on

t heswedge. 36 t hrough slip shoul der 4le contacting secondary wedge i nner
shoul der 40dthaéf ties duneesenmfaaey wedgedgesndéepushWoNar 6t ye ONs b FEa ¥€€ 051
about 0.70 inches (18nm), the outer upper and | ower downwardly and inwardly
i nclined secohdthe aamitings wefgacats4bbtengine segmempegraodes oder. downwar dl y
and i nwardly inclined wedge surfaces 36¢c. Downward npvenent of the _
secondary wedge nolis dvihles@cddnanardpytéshpering ngl iprinytamss ot BXiedi7
whi ch cannot, pi vot downwardly as armsurface 47b is stopped by wedge
surface 36f .0FtHesereafdwiisded ABdefbhP LRSERE %T?-p%c%lfﬂp%‘%c%h%%ﬂg

t oget her al ang wedge, i nclj ned syrfaces 36c results {n jn d novenent of
t he secondaﬁi/)-g » o id;?wé’l’f&rah@?re?'ﬁgér? ,g’éh’i%‘?‘i]d”c%“e omhdifig (AY R lof

h i i h . d bi : : . b _ e
0. e.PiE'sphgge%qu BdgedotRien! pien; B ERFL 6 e R aces
44, whi t _ ' . -
V\Edgesl, ?segtr%rdlj%%/ea&:wrebgg’eesggtﬁgqgﬁgggngﬁ{jgﬁer‘%g?&d@%‘f| ﬂl ﬁ’g&%%n%atcto{ofn}sneert 42

vertical andddalied 1sWi1acesso CREYET Bl Vse oty WRHAS 4 fciinaltdlly Raed
pi pe suffi- cient to cause upward novenent of inserts and. slips 41 on
- i5 - . the wedge 36 through slip shoulder 4le contacting secondary
R _.. wedge inner shoulder 40d. Aftef the seéondary wedge is moved
doanaidly on the'wedge.abodt 0.70 iﬁéhes_(l&nnu, the outer upper and'_
lower downwardly and inwardiy inclined sécondary wédgelsurfaces
40b engage the uppér and lower downwardly and inwardly inclined'
wedge surfaces_36¢;_ Downward mpvement of thé sécondary wedgé
moves bolt Soldownwardly cdmpfessing.spring 438 bn arm 47'which
'éahnot pivot downwardly as arm surface 47b is 5topped by wedge
$ufface 36f. Further downward_m6vement.of the slips énd
secondary_wedges together'aiong_wedgg inclﬁned surfaces 36c
results in inward movement of the'secondary wedges, slip and
their.inserts,';ausing.deepef penetration 6f the slip Iéeth
 into the gripped pipe,_intreasing pipe-g?ip as shown in FiG.'
_9..Pins' 39 on the wedges and_slips-sliding in grooves 44a in
-cam'plates 44,'which are aftachéd to ﬁhé secondafy wedges,
cohnect ;he wedges,-secondary wedgeé and siibs and providé
sliding contact of the vertical ahd_inclined surfaces.
Conversely, a small upwardIEOrce on gripped pipe suffi-

cient to cause upward movement of inserts 42 and slips 41 on



" the secondary wedge will lift arm 47 on recess flat 41d to pivot around pin
46 and conpress spring 48. - The secondary wedge cannot nove upwardly on the
wedge as outer secondary wedge shoul der 40d is contactihg wedge shqul der
36h. After about 0.70 (18nm) .inches of upward slip movenent on the *+
secondary wedge, upper and | ower +nthined slip surfaces 41b will contact _
t he i'nner secondary wedge upper. and | ower-inclined surfaces 40c. Further . =

ar d t of the slips,will the slips | ' o
35_3’3% ﬁgg:‘/ secondoey pagirniit Dot he BoARE D i et HaR e 4 BOdY DThe ana”
grip the pipe tightet ' Lok : : _ '
~on griBﬁaﬁtgFﬁ@@gaeP%Bﬁgezggﬁ???ﬁ%F%{%p%QEEEHbiy F?”ﬁ%gegﬁfggi géggpg?adsj"_'

SPri 9%, 30 PUNIAIRORR hPRaRETY OF thd luddie SREQUIRY seedagargnd slips to

" be realigrred - on the arm [ dbwer surface, returning the slip systens to md

neut r al, POSI tHQR 188 rSROUN 1 ENc Fh E8c t Zn@nie B e WiRuliigre J60ads Afpear down are
sufficient” to cause auto- matic operation of the grip tightening slip.

SYSt eMehohf @.90SAEMAU HNEHE bOupRsrd 83 bhgneht W ke seead@ry nwar d forces on -
tighter gripped pipe are transmtted through slips, secondary wedges and
cami ngedgenenpperpandsioget hinolired cahim rap fagesntd lbuviddesodracitnto ring
segnent grooves 21c. Frictional forces generated between these contacting
surface&acﬁmm@rtheougﬂarheweém¢amPM§%t ei%%§3|igcéé@@érSEFf?ﬁéSpipe are
deamendSco FuveheReuBKATAcS BERERT o bARRITLIES Mg FovRothes siips ™ 0
| ' inwardly_aiohg seéondéry.wedge'surfacés 40c,'caﬁsing.téeth 42a
_ to'penétfate into gripped pipe and.grip the pipe tighter'gs"._ U
shown in FIG. 10.- Whén.upwérd or d6wnﬁard'loads on gripped' “
pipe.are rémoyed or the SIip assemBly'iS-not.gripping pipe,
_springs 50 push down onlthe-afmé dr.lift the secbndary wedges
and slipé.to.be realigned on the arm lower'surfate, returning
the.slip Systeﬁs to mid néutral pbsition as shown in FIGS. Z |
and 8.. | | ._ | o
When pipe loads up pr_dowﬁ are*suffitient to cause auto-
matic opefation of the grip tightening_éliﬁ systems, increased
outward forcéé fésulting from increased inward forces on | S
tightér gripped pipe érg.transﬁitted through slips, secondarv N
wedges'and camming ségments, pressing:thé outer camming segment
surfaces ﬁlc into ring segméht grooQés 2lc. Frictional forces
generated between these contatting surfaces acting thrbhgh'the
radiél distance tb thé:centef of the pipe are. great énough s)

prévent the pressurized tylinder from rotating the camming

segments to move the wedges radially outward to ungrip the



-16 - pipe. Therefore, the slip assenbly of this invention cannot be

oper ated;# either’inadvertently or on purpose, to ungrip pipe when the slip
systensigre autonmatical ly gripping pipe tighter. To operate the slip :
assenbly to ungrip tighter gripped pipe, the pipe nust be noved upwardly or
downwardly to nove the slips back intd tl®eneutral band less than 0.70.
(18Mmm inches above or below the md neutral position of the slip systens,
as shown by phipeS. ThaitefBrefhathe Ba iy ias su16R At iROti nfein®RioRd RINMdt  be
tighter or gripping pipe, springs 48 are free to extend pushing the arns
andy sl i ps. depewartdldy, @fithefrt iingdiviee teaadiydairy onegas paitei,| tiol ahg&’lilpf.%?‘e _
36f, 40f and 41d.are contacting arm | ower surface 47b aligning the wedges,
secondary watigms tdied s3liippsyistemsd areutaualomaadictaildy. grippdngl plib®e tighter.
GB 1. ' A slip assenbly for gripping pipe conprising: (a) housing -
means through whi Tlo pipeeate mheedliipt @asarembdyt tof uagmipl tigheregws ppedsai d
housing for gripping pipe; (c)- nmeans for operating said gripping nmeans =
bet ween posptipens tdei piipegmasd bet mgviedpiupyapidde; oandopwdywamddys tas sovieatthe
with said pipe gripping nmeans for automatically increasing grip on gripped
pi pe in respdipe back sinbe edeeneutorpivdsatidotess than 0.70 (18mm) inches above or

below the mid neutral position of the Slip systems, és shown-by'_
FIGS, 2 and 8. |
When fhe slip s}stéms:éfé not grippingzpipé tighﬁer or
kv/l gripping pipe, springs 48 are f#ee to extend pushing the_arms
-~ and slips downwardly or lif;ing'the secondary wedge until flat
surfaces 36f, 40f and 41d are.c6nt#cting arm’lowér.éurfaée 47b
'_aiignihg.the wedges,.secondary.wedgés and_élips in mid neutral

‘position.



downwar.d Tongi tudi nal novenent of gripped pipe in excess of about 0.7

I nches (1 e slip assenmbly of claim1 wherein the means for
aut omat i camlllmlmulmmﬂrl p oninitially gripped pipe includes neans f or
automaticalty eturfing said grippin means to neutral position when sdaid
grippi-ng means are not gripping -pi pe: 73 ~ The slip assenbly of claim
1 or claim2 wherein said means grlpplng pi pe conprises slips operated o
t hrough cxgneet i ng pins_and cam plates actuating said. tlghter grigpi ng of
gripped prpe after the m ni mum upward or downward novenent. 4. —  The

slip assienbly of anyshire adsebbinsfdr tgriphing heipe md:rmplrilgln@ans for
preventing the operating means from operating the gripping neans to. the

position not (a) 1gapsingd ngeémspeﬂvmgfsmltb-@MMQlege@renhm omatically

‘increasing grip on gri ppedqlg The slip assenbly of any one of
clainms 1 to 4 wher@dit % a?nsW?H gri ppi ng pipe conprise: (a) wedges:

nmount.ed for dj al movenent in the sli ousi a secondary wedge
sl i dabl y_c'onn } ed"APR 2N M&OWSE ? 5’?"%1%%%?51 connect ed on

' each_secoudary YW“%E%ns for operatlng said gripping means between
" positions gripping and not’ grlpping plpe,_and
'(d)e.means'associated with said pipe gripping meaus
for automatlcally 1ncreas1ng grip on gripped

_ plpe in response to subsequent upward or

&/
downward 1ong1tud1nal movement of grlpped plpe
in excess of about 0.7 inches (18mm)
2. . The slip assembly of claim 1 wherein the means
for automatically inoreasing grip on initially gripped
pipe includes means for automatically returning'said
gripping-means to neutral position when said gripping
means are not gripping pipe.
3. The slip assembly of claim 1 or claim 2 wherein \/

said means gripping pipe comprises slips operated through
connecting pins and camdplates actuating'said tighter
gripping of gripped pipe after the'minimum upward or

downward movement.

4. ' The slip assembly of any one of claims 1 to. 3
further including means for pfeventing the operating means

from operating the gripoing means.to the position not



6. . The slip assenmbly of claim5 mhereln t he grlpplng means further

i ncl udes. means for slidably connecti ng a slip to a seco MM\\ME‘“\
secondgﬂy wedge to a wedge. 7. The slip assenbly ““\

t he nearfs slidably caonnecting a slip-to a secondary wedge* arfd & secondary~
wedge to a wedge conpri se: (a) pi ns swi véabl y connected into each side of

a \yedge and ] ea | Ve D a flat surfac

plates conheiqlsoé‘gin%aé'hp eelgfgaalse%r We%‘:“eS dalgg%!l“é?l aﬁt}ﬁaw ng -

i nner and out£f-0ELOVES §§15do,f, iSped as on sai d wedge pins slidable in
sai.d cam pl ate outer grooves and sald sI | p p| ns slidable in said camplate

i nfer 19 grooves. 8. -The slip assenbly of claim7 wherein the cam
pl ate grooves are rectangul ar in cross-section and the upper portion of the
out-si de of th®.outer groiweslspiassemnslly upfoanyyonadoduthaidsylatoas angl e

fromvertical equal to the inclination angle fromvertical of the inclined

surfaces on tweevetyethe seeams af gr vediesiaydpipe psomprise: The slip

assenbly of any one of claims 5 to 8 wherein the nmeans associated with the
plpe grlpplng neanga) wedges mounted for radial movement in the slip

houSing:;

(b) a secondary wedge slidably connected on each
wedge; and |

(c) a slip slidably conneCted'on each secondary.

e ' ) wedge.

6. The slip assembly of claim 5 wherein the
gripping means-further includes means for slidably
connecting a slip to a secondary wedge and a secondary

-wedge to a wedge.

7. -+ The slip assembly of claim 6 wherein the means
slidably connecting a slip to a secondary wedge and a
o secondary wedge to a wedge comprise.- _
'(ad pins swivelably connected 1nto each side of a
- wedge and_a slip, each said pin haVing a flat
surface; and
(b) cam olates connected on each side of a secondary
. wedge, said cam plates having inner and_outer
grooves, said flat surfaces on said wedge pins
slidabie in said cam plate outer grooves and

said slip pins slidable in said cam plate inner



for automatically increasing grip on gripped pipe include: (a) downwardly

i nwardly inclined surfaces on each wedge; (b) downwardly and inwardly
|ncI| II ﬂ I ﬂl,' mEe secondary wedge slidably engaging said wedge *
|ncI| secondary wedge having downwardly and out war d e
I nclined surraces; * and (c) downwar dl 39-and outwardly i ncii ned surfaces on
each slip slldably engagi ng sai d secondary wedge downwardly and outwardly.
‘inclined surfaces. gr®@oves. The slip assenbly of claim9 wherein the -
~wedge, secondary wedge and slip inclined surfaces are inclined [err] from

vertical . 20 11. . The slip assenbly of. cIa|n110 wherein the medge

secondar ‘wedge an SH%; Jdncline surfac S ar Bpllned herr from ’
vertical. ‘12 ' azs y 95¢.S F&Wn12w FrEdhpit B with any one

of cl ai mg)5 Lo A} waer gl tr@%tg%gH &Oanagggggg'fggﬁpf Shi' g, Lhe

gripping neans 0- neut ral” posi onprl g1y connected
| n each yeda 6 AR h%n%n%htehb%gp %2'80?7? gdary wedge
openi ng |nto the sl p recess, arm having a surface

inclined upwardly and outwardly at an angle.from vertical
eqﬁal to the inclihation angle from vertical of the

inclined surfaces on the wedges, Secondary wedges and

siips.
9. Thé slip assembly of.any.one of claims 5 to 8 \*)
wherein the meéns associated with the pipe gripping means -
fc;lautomaticallj'increasing grip on griéped-pipc |
include: N |
(a)j'downwardly'and inwardly iﬁclined surfaces on
" each wedge; |
(b)' downwardly énd inwardly inclined'sﬁrfaces on the_-
' secondarylwedge slidably engaging éaid wedge
inclined surfaceé, said secondary wedge having
_downwardly énd outwardly inc;ined surfaces; and ) Q;)

(c).-downwardly and oufwardly inclined surfaces on
each slip_slidably_engaging said seCondary wedge

downwardly and outwardly inclined'surfaces.

10. 'The'slip assembly of claim 9 wherein the wedge,
secondary wedge and slip inclined surfaces are inclihed

5°-10° from vertical.



(b)- a sprlng nounted in the secondary wedge openlng SO0 that said spring

applies & dowward force on said arm and (c) in said
wedge QBQI’]I ng, sai d secondary wedge openi ng and S\Qﬂm“mm“ﬂ “mnlﬂal d flat
surfaces engageable -with said armlower flat surface. ; s e slip
assenbly of any-one of clainms 1 to 3 wheregpn the neans for operating the
grippi ng means between positions gripping and not gripping.pipe conprise:

(a) . ring segnents nountied s$nip hesdamtsingss (dasm realiviehent i tige SHRRGS | ed
in saidring segnents; (c) camming segnents nounted in said radia

bearing, sai ccecomiany Seehegatandisbiplinckimtcerfdces amadnolimed (d) a
wedge having a slip segnment slidably connected to each camm ng segment; and
(e) .neans |nB%aJ€r¢mnE¢¥@P¢Q#-rotatlng one ‘of said camm ng segnents. 14.
The- sI|p assenbly of claim 13 wherein the neans for rotating one camm ng
segnent is a hydraulic cylinder connected to the housing and a -canmm ng

Toans for prebnting < HE"BHBFI | TEPHREHS 77 o P rhe FhPHERT YERE 1 Hoans

to a position H&toﬂé'SP'Qﬂalms 5 to 11 wherein the means for
automatically rgturning'the'gripping ﬁeans to neutral
position cdmprise: |

(a) .an arm pivota1ly connected in eaéh wedge

';./. o » 6§ening< said.arm.extending through fhe
secondary wedge opening into the siip recess,
'said arm having a lower flat surface;

(b) a spfiﬁg‘modﬁted in the secondary wedge opening
sé'that.Said sptiﬁg applies a downward fbrce-on
said arm; and |

(c) lowei flat surfaces in said.wédgé opening, said

) seéondary wedge opehing and~saia slip'fecess,
said flat surfaqes engageable with said arm

lower flat surface.

13. -~ The slip assembly of any one of claims 1 to 3
_wherein the means for operating tﬁe gripping means'between
p051tions grlpplng and not grlpplng plpe comprise: |
(a) ring segments mounted in the housing;
- (b) a'radial bearing supported in said ring
segments; | '
. _ | (c) camming segments-mouhted in said radial bearing,

said camming segments pivotally connected to



pipe>Mheﬂ~§”a’§Frpprﬁﬂﬂﬁeans have been operated to grip pipe and are.

aut oma ““rt g-grip on gripped pipe are outward forces resultlng
fromi m “\“““ gri pped pi pe which devel op frictional forces bgtween
the ca ng segnénts and ring segnents. 16. - An hydraulically ope ted
" doubl e acting slip assenbly conprisigg: (a) housing nmeans including, a

| ower plate with a connector thereon and a passage for pipe therethrough

an upper plate, a eavlerotlkenred to said upper plate with a passage for pipe’
t her et hrough, and ring segnents between said plates around said pi pe -

. passages, sal@kem@g%&mm@dat%l%al%?Qﬂ'%ﬂ*ésﬁll(ctﬁblia grinegtedui de rods

anchored in each said rlng se nents %é?%) grlpplng means, slidably. 1
mount ed on sald r ot} ¢F¢h 52 through sai d passages: :

| i ncl udi ng, e.acting, sli ans for Ip i n i pe_and_ gr L ng gripped
bipe tigner ADLT TS iR %hﬁ%ﬁw%t Pt Brd Pt e oal [y
actuated-to grip p oad on gripped pipe causing nore than
about 0.70 inches %ﬁﬁ%ﬂ*éh&éﬁméyié' _ . S
- 14. .p The slip assembly of clalm 13 wherein the means
for rotatlng one camming segment is a hydraullc cyllnder

_connected to the hou51ng.and a cammlng segment.

15, The slip assembly of claim 13 or claim 14
wherein  the means for preventing the operatinglmeaﬁs from
operating the'gripping means to a position not gripping
pipe when said-gripping means have been operated te grip
'plpe and are automatlcally 1ncrea51ng grip on gripped plpe
are outward forces resultlng from increased grip on
gripped pipe which develop frictional forces between fhe

camming segments and ring segments.

16. Anthdraulically operated double acting slip <\/
" assembly comprising: ' |
(a) housing means including;
‘a lower plete_withja cohnecter thereon and a
-passage for pipe therethreugh,
'an.upper pléte,
a cover secured to said upper plate with a
paseage fof pipe therethrough; and

ring segments between said plates around said



upWard or downward novenent of pipe; (d) operat| ng nmeans for oV ng bdiU

grlpplng.neans inwardly and outwardly along said guid
ungri-p, pipe; and (e) neans preventing said oper ating MH I"r""ﬁﬂgwog the
gri ppi i means outwardly to a position not gri ppi ng pipe wnhen sal

acting slip nmeans are automatically grippP#g gripped pipe tighter. 17.

The slip assenbly of clajm 16 wherein the pipe gripping neans conprise: (a)

a wedge slldably nount R BAEFPHET+ of . gui-de rods,  said wedge having a
n Tll. | h d |
o e s "o o L g 1oL RBLLC RRSES BB Bgge, o oV

downwar dly and i nwardly nner surface

théreof and an opep g PEOYEENHH Y "J"ré&é’taﬁ&%:?é’d i NOEER S§a @CLingal d

openi ng having a.lower flat surface; (b) -a secondary wedge havi ng spaced
apart upper and |ower dswgwesesy and i nwardly inclined surfaces on the
outer -surface thereof, upper and | ower downwardly and outwardly inclined
surfaces on the infe) spipaceripetngimesms ansDpdairly ebneed cmldai@ner and
outer surfaces sai d opening having alower flat surface;
rods for grlpplng p1pe pa551ng through said.
passages 1nclud1ng,
double acting sllp means for'gripping pipe and
grlpplng gripped pipe tlghter 1nclud1ng pins and
cam plates, said slip means automatlcally
actuated to grlp pipe tlghter by load on gripped
pipe causing more than about 0.70 inches (18mm)
upward ¢r downward movement of pipe;

(d) operating means for'moving said gripping means
inwardly and outwardly along said guide rods to
grip and ungrip pipe; and

(e) means preventing said operating means from

~ moving the:gripping means outwardly to a
position not'gripping pipe when said double

/- _ ) .acting'slip means are automatically gripping

gripped pipe tighter.

17. The slip assembly of claim 16 wherein fhe pipe
_gripping means_comprisei
(a) a wedge slidabiy'mounted_on each.pair of guide
rods, said wedge having a "T" slot across the
outer surface thereof, spaced apart upper and

lower downwardly and inwardly inclined surfaces



C a slip having: spaced ‘apart upper and | over .
-((10‘)"“"\’3 ummmm“ﬂﬁwmm ncl i ngd surfaces and a recess on the outer face
thereof* s&i dtretess Having a lower flat surface; (d) nmeans slldably
connecting said secondary wedges to sai d wedges and said slips to sai
secondary wedges so that said outer s2®ondary .wedge surfaces slide on ‘sai d
wedge inner surfaces and said outer slip surfaces slide on said inner’ .
secondary wedge suebadde; lP@Pr ﬁyaﬁ§09r§V@wspﬁgagdu@ns@oandagy wedges’ from*
sliding upwardly on said wedges; (f)_ neans preventing said slips from
slidi ng domnmardlyb@ﬁw§§Pds§é@o 3ar§lﬂ§d§§§ sgid dgpeTnEsngars: positioning

h sl d d d d t h wedge. 24 » |
toc" °'P The ofi piniglabepine @e&“eas?%“ BPL) Alpite SHE2ASeSl | dably
ti d sl t.,0_secondar '
gggg?fséng(3$?%§|ﬁ; §%§%®§%6&§ cogg F§g§§€ha§Fa 8P§§ﬁeaﬁgdges and

slips, each said pug@eQaﬁbqgwgrgthaﬁurg Qgrdﬁga1n8§ghghasﬁ§f§8Q%eCted each

si de of sald secondary wedge, sald cam p ates ving | nner out er
. on the outer surface thereof, upper and lower

downwardly and outwardly incllned surfaces on
the inner surface thereof and an opening between
said inner and outer'surfaces,*said opening

having a lower flat sUrface}

(c) Sllp means 1nclud1ng a slip hav1ng spaced apart
upper and lower downwardly and outwardly
1ncllned surfaces and a recess on the outer_face
thereof, said recess having a lower flat
surface;

.(d) 'means.slidably connecting said-secondary'wedges

| to.said'wedges and said SllpS to said secondary
wedges so that sa1d outer’ secondary wedge

surfaces slide on said wedge. inner surfaces and

said outer slip surfaces s;ide on-said inner'
secondary wedge surfaces; .
- (e) means preventing said secondary wedges from
sliding upwardly on said wedges;
(f) means preventing'said slips from_sliding
~downwardly on said secondary wedges; and
(g)' means for positioning each slip and’secondary

‘wedge in mid neutral position on each wedge.



grooves, said flat surfaces on said wedge pins slidablgdi Ld cam pl ate
outer grooves and said flat surfaces on said slip pi n%m’mﬂﬂﬁ u Eﬁ ld cam
pl ate isnper :grooves. 19. The slip assenbly of cl L Whe :
cam pl at’e grooves are rectangular in cross-section and the upper portion of

the outside of the outer groove is inclin3ﬂ=upmardly and outwardly [err]

fromvertical,gnd the ugperoPOLILO AL EhSe! 03Lde ©F LRE-LERCEnd" RBXESIS.

i nclined upma%gfy and inwardl'y"[err e vertic

assenbly of agy;aeg19fcohAb8bidd boodfaubs! ghagbbecyedaggosesnadatpuedoe

and slip inclined surfaces are Tnclined 5-10 ffomvertic
sl i'p assenbl ytof sebehdnz) wb8§esncbhgrigdge, secondary wedge and slip
inclined surfaces are inclined [err] fromvertical. 25 22. The
sli-p assenbly of a(y)onpiné skWavebabYytcoddewvbedeintbheashi pideans ethapri se
a slip insert having an inner surface for gripping pipe anchored in each
slip. 23. The sl iwedgeendhg slipay eacho$aifiapims lHaviéng2awkidatin the
means preventing the secondary wedges from sliding upwardly on the wedges
conprise: (a) a downwafdF§a€@ti ng shoul der on the inner surface of each
wedge; and (b) an upwardly facing shoul der on the oquter suiface .
D g : ( ) (b? camyplatesgconnected each side of said secondary
wedge, said cam plates having inner and outer
grooves, said flat surfaces on said wedge pins
_slidable in said cam'plate outer grooves and
said flat surfaces 6n:said slip"pins,slidable in

said cam plate inner grooves.

19. " The slip assembly of claim 18-whereiﬁ thé-cam
platé'g;ooves are recténgular in cross-section and'thé.
upper portion of the outside of the outer groove is
inclined upwardly and outwardly 8%° from vertical and the
‘upper portion of'the.inéide'of the inner groove is

inclined upwardly and inwardly 8%° from the vertical.

20. The slip assembly of any one of claims 17 to 19
wherein the'wedge, secondary wedge and slip inclined

surfaces are inclined 5°-10° from vertical.

21. The slip assembly of claim 20 wherein the wedge,
. secondary wedge and slip inclined surfaces are inclined

8%° from vertical.



of eadﬁ—segaﬁ—ary Eﬁf@! " The sI|p assenbly of any one of clains.

17 to Zﬁ m “m ns preventlng the slips fromsliding dowmmwardly on
t he sec “ rlse (a) a downwardly facing shoul der on thge,

out er surfaée bf eac slip; and (b) an upwardly facing shoul der on t Fre¥

i nner surface of each secondary wedge5 25. The slip assembly of any.
one of clalns 17 to 24 wherein the nmeans for positioning each slip and
“secondar $2wnedge |nTﬁ?dsﬁéBtPﬁFeBBsYtPSnaBﬁ @ﬁEhOﬁeﬁbélﬁﬁn%V|§@521(a) an arm
connec arm ext endi ng_t hrough- t he

i tall h doe
geggngaréhﬁﬁﬁ B §8nF g?ﬁ?Sﬂghgong S?ege§§18nﬁnﬁﬁﬁFnﬂagngmEP fl at
f 6 t h di *
bol 6 n dnngEoshiks %?59%’53%?@ P bRgeBHBRSHCR" Sndadn gl spanchored [0 2 E

~_on said arm and (c) |ower flat surfaces in said wedge opening, said
secondary wedge opening and said slip recess flat surfaces engageable mnth

sai d ar meBower flatrnsusiapeasdbmbly of dh9 ShkPoRSELHDRY 9‘5 fay2¢9ne of .
';clalns 17 to 25 wherein the operating nmeans conprise:
g wherein the means preventlng the secondary wedges from
slldlng upwardly on the wedges comprise:
e(a) a doﬁnwardly facing'shoﬁlder on the inner
surface of each wedge; and
(b) ’an upwardly facing shoulder on the outer surface = \‘j

of each secondary Wedge.

24: - The slip assembly of any'one_of_claims 17 £0.23
wherein the means éreeehtihg the slips froﬁ siiding
downwardly on the secondery wedges comprise:
. (a) a downﬁardly faCing.shouider'oﬁ the outer
surface of each slip;'ahd | |
(b) an uéwerdly facing shoulder Qn'the inner surface

of each secondary wedge.

25. '-The slip assembly of any'ehe of claims 17 to 24
wherein the means. for positioning eech slip and secondary
wedge in mid neutral position on each wedge comprises:
(a) an arm'pivptaily-eonheeted in each wedge
-opening,:said arm.extehding through the
Seeoﬁdary'wedgelopehing into the slip recess and

haviﬁg a lower flat surface;




(a) an hydraulic cylinder having a rod, said cylinder munted: on the | ower
plate; (b) conduits for deli vering pressurlzed fluid to said cylinder for .
extending and retracting said rod fromand into sa”&lmmmmu Ilﬁ MF radi al
bear i ng™supported in the rlng segnents, said beari race
and ‘an outer race; (d) camm ng segnents suygported by and connected to sai d
beagying inner race,. said segnents pivotally connected to each other and
slidably connected(bd thecMﬂﬂgessedndpfﬁﬁgamo@mﬂ@@|aﬁ&@hayacpanected to

said rod and pivotally connected to said bearing inner race and one of said
camm ng segments. 27. anchoffé@ thip belenbhysaid csecomn@éryesdga sbe -

radial - 27 bearing is a seal ed bearing. 28. The slip assenbly of
claim26 or claim27 fukrbftrsphé| SETing aappbied e sdpwevabd yfopocaten in the
arm between said armand the rod. 29. The slip asserbly of any one of

clains 26 to 28 viherei nS8he ﬁﬁ%nsaﬁ?eventlng out ward novenent of the
gri ppi ng neans are tward forces on he capm e s resultin om
the slips aut omat i £ V|$@3V?Epfﬁ3 p?bﬁ IFTRLER ﬁéﬁi &gﬁkﬁﬂ?ﬁﬁn ?$Ct$%ﬁ%
forces between the OUte&econdary wedge opening and said sllp recess

flat surfaces engageable w1th said arm lower

flat surface.

1,) .._‘ 26. " The slip assembly of any one oflclaims 17 to 25
.wheréin the operating means comprisei |

(a) én hydraulic cylindef.having a rod, said
cyllnder mounted on. the lower plate,

(b) condults for dellverlng pressurlzed flu1d to
sald cyllnder for extendlng and retracting sald
rod from and into sald cylinder;

(c) a radlal'bearlng-supported in the ring segmenfs,'
 said bearing having an innerlracé aﬁd an outer
race;l |

' x‘/ (a) éamming'segments supported by and'connectéd to

- | said béaring'inner race, said'segments pivotally
connected to eth 6ther and slidably-connected :
to the wedges; and

(e) an.arm pivotally connected to said rod and
”pivotally connected to said bearing inner race

‘and one of said camming segments.

27. The slip'assembly of claim 26 wherein the radial



surface of The camm ng 'segrrént's__ and the contacting w de groove areas in.
each ring s . “““ An' hydraulically operated double acting slip
assenbl y cammg '“gl (“m | ower .plate with a connector thereon and a-

»,

passage for pi e thefet hrough; (b) ‘an hydraulic operating cylinder i

pi.votal |y connected to said | ower platwe, said cylinder having a rod

extensi bl'e therefrom (c) an upper plate; (d) a cover secured to said

upper. plb¢erimghia passavedfbeaping.therethrough; (e) ring segnments, having'

~horizontal grooves therein , disposed around said pipe passages and _

.connected between said plates; (f) pairs of guide rods anchored in each =
said rin 28 segnent; (g) a radial bearing having an outer race and an »
i nner rag_%; sai d oliherstircassppbly cof i platm 026 i oy sbayirer27 gr ooves; (h)"

- canm ng Ee]grrents,_havi,ng outer grooves wherein said bearing inner race is
‘mount ed, TREFREE oFRF hYA LR nR PRAEIRG e e labkudrownted Hmdtheisammed in sai d

'inner r cgiwéé&jsgileagmigﬁgnghgnggg.sLTdably nount ed on each '

29, ' The slip assembly of any one of claims 26 to 28
wherein the means preQénting oﬁfward movement of the
) gripping means are outWa:d forcesncn the camﬁing segments
resulting from the'élips.aﬁtomatiéélly gripping pipe )
tighter which develoﬁ frictional forces between the éUter |
surface of the cam@ing'segments and the contacting widé

groove areas in each ring segment.

30. °  An hydraulically operated'double acting slip,
assembly comprising: ' '

(a) a loﬁervplate;with_a connector thereon and a
passage f6r pipe'theretﬁrough;

(b) an hydraulic operating cylinder pivotally
connected to said lowef.plate, said cylinder ;\V/
having a rod extensible therefrom; |

(c) an uppef plate;

(d) a céver éecured to said upper plate with a

passage for pipe therethrough;

(e) ripg segments, having horizontal grooves
therein; disposedlaround said pipe passages and
donnected between said §létes;

(f) pairs of guide rods anchored in each said ring



pair of guide rods for

wedge haV|ng a slot across the outer surface thereof

and | omr downwardly and.inwardly inclined surfaces aﬁ
surface thereof, pi® swivel abl

side of said wedge, and_an o

I nward and outward novenent, aiiLgTELE/*gLLpang
means including; a vvedge slidably nounted on each p guide r msai d

shoul der on the inner

surface, said opening

arm pivotal ly nDun €9 % §gﬁ

surface ‘a seconda

havPig

RE?

avl

Ll
aci ng

sconnect ed into each

I ng betmeen said slot and said inner

| ower flat surface and said wedge having an

E.’aﬁ?pBEéPQn Sﬁéglﬁé H%{;E&rar QUeLng!

ng spac 2d upper and I ower downwar dl'y and

i nwar dl'y i nclined Surfaggﬁegngaéa UQ&@&dbﬁtéﬁCfQSeSQQEbgﬁfeinn sd¥9qat he
and | ower downwardly and outwardly inclined

surfaces and an upmardlylﬁgcsagmsheubﬁebveg the inner surface thereof and.
an openi ng between said inner and outer surfaces, said opening having a
| ower flat_surface(ha stapmhngi sggments having outer grooves wherein

outer surface thereof,

upper

" said bearing inner race is mounted, said camming

. segments connected to each other and fastened in’

(i)

said inner race;

pipe gripping means Slidably'mounted on each:

péir of guide rods for inward and outward

movement,

' said pipe gripping means including,

a wedge slidably mounted on each pair of

:guide rods, - said wedge having a slot'across

the outer surface thereof, spaced apart

upper and lower downwardly and inwardly

inclined surfaces and a doﬁnwardly facing

shoulder on the inner surface thereof,

pins swivelably connected into each side of

said wedge, and an opening between said slot

and said inner surface, said openlng hav1ng

a lower flat surface and said wedge

having

an arm pivotally mounted in said opening,'

said arm having a lower flat

surface,

-a seCondary wedge having spaced upper and

-lower downwardly and inwardly inclined

surfaces and an upwardly facing shoulder on



spaced a and I ower downwardly and outwardly inclined surfaces, an

flat: ssltp al so having insert anchored thecein, said F?sert
havi ng &n inner surface for gripping Pl pe, cam pl ates connected each side

of said secondary medg%hesghqegaghgkg%gsing¥ggg.

sai d wedge pins slidable in said out grooves an S fis slidable

in said inner grooves, dawiRbikB¥y2BaRObESwRRa3P InsedaRd seeeadary wedge
bi asing said arm dowwardly to engage-to |lower flat surface thereon with

‘sai'd wedge | ower flat andfaneupsardlgecasdagyshedyaekrovar theatnseif ace and *

said slip lower flat surface to align said wedge, sai d secondary wedge and
said slip; and (j) an surfpteothergofoandcasdopeningdbeyiverdesaidd on one

end and pivotally connected to_one of 30 said cammi ng segnents ‘and-said .

bearing inner race on %ﬂ@eﬁtﬁéﬁ.ogtgr-Surf3ﬁ9§yi§a§9speﬁpihgr use in aslip

- assenbly for  ' having a lower fiét.surface, a slip having '
spaéed'apart:upper and lowér doﬁnwardly and
outwardly.inclined.surfacés, an'upwardly.
facing shoulder, pins-swivélably connected

'into each sidé.bf.said siip,and'a recesé on
the.outer_face;theréof;.Said recess havihg a
lower flat-surféce, said.slip also having an
insért-anchored.therein, said ihsert having
an inﬁer'éurfacé fqr gripping pipe, cam
plates connected each side of_said_sécondary
Wedge,'said cam blates having inner and
outer'grooves; said wedge pins slidable in
said outer grooves and'éaid slip pins
slidable in said inner grooves,

. @ spring anchored:in said.secénd secondary .'. /
Wedge biasing said arm déwnwardly to engagé'
to.loher flat surface thereon with said
‘'wedge lower flat surface,.said secondary
wedge lower flat surface and said slip lower
“flat surfade to align saidIWedge,_éaid
secondary wedge:and.said slip; and

(j) an arm_pivotally-gonhected to said cylindér rod

on one .end and.pivotally connected to one of

upwardl y facj r, pi‘ns -‘swivel abl y connected into each side of said |
slip gmmmm% “ e outer face thereof, said recess having a |ower.
L |

nner..and .oyt er _grooves, _
PBer, abe; Joge *



grlpplng pi pe passing through the assenbly, including a double actln sli
automatically noving inwardly to grip gripped pipe- ti gmmllmuun“@'lum
about 0. 70 i-nches upward or downward novenent of said

systenf&%npr13|ng (-a) a wedge nmounted for inward and dut war'd- nnvenent-in
the assenbly to grip and ungrip pipe, saigdowedge having an outer surface,
spaced apart upper and | ower downwardly-and inwardly inclined surfaces on
the inner surface ther esdidnshnan rap esegugertat weeh ssdidl beidreinghchnagmer
surfaces, said opening having a lower flat surface; (b) a secondary wedge
slidably connected on sedce venidgehe saihbnvedge havi ng spaced apart upper and
| ower downwardly and inwardly inclined surfaces on the outer surface

t her eof , upper and | ower downwardly and outwardly inclined surfaces on the

| ner sur acey hereof a0y oReig. PELYRED o T PR A6 IS paced
srt o LA AU BL P Al gaquowe a
surface;_ double actlng slip automatically moving inwardly to grip .
| gripped pipe tighter by more than about 0.70 inches upward
IOr downward movement of said slip, each slip system
comprising: | |
U (a) a wedge mounted for inward and'outwerd movement
| in the assembly to grip and ungrip pipe,
said wedge having an outef'SUrface, spaced.apart'
upper and lower downwardly and 1nward1y lncllned
surfaces on the inner surface thereof
and an openlng between sa1d outer and inner
surfaces, sald openlng hav1ng a lower flat
sUrface;' |
(b) a_secondar& wedge slidably connecfed on said
wedge,'seid wedge having spaced'apart upper and
lower downwardly and inwérdlysinclined surfaces
on the outer surface'thereef, upper and lower
. downwardly and outwardiy inclined surfaces on
:the iﬁner surface.thereof and-an opening between
said inner and outer surfaces, said opening.
" having a lower flat surface;
(c) slip means ihcludiﬁg spaeed apart upper and
. _ lower downwardly and outwardly'inclined surfaces

and a recess on the outer surface thereof, said



(d) neans including pins and (_:arh pl ates for sli dabl y connecting said -
secondar m niumr\edges and said slips to said secondary wedges so
that sai éH“ﬂ gﬂﬂl <u wedge surfaces slide on sai d wedge inner. syffaces

. and said outeér slip surf'aces slide on said inner secondary wedge surfaees;

(e) means preventing said secondary ®édges fromsliding upwardly on said
wedges; (f) means preventing said slips fromsliding downwardly on said
secondary wedges; keregg)hawing 4 okoyriiflahisre’ee®’ slip and secondary
wedge in md neutral position on each wedge. 32. - _The slip system of
“‘clai m 31 wher&th t‘?%a‘{?)%d’d%‘fl‘é%’c‘%c%’r‘i‘/s \z%'b%ecaa’ﬁopjsﬁ‘F%s.iff&?i%hd%Y aces are

inclined [err] fromyvertigcal . 33 The slip system of claim 32 wheréiﬁ:
t he wedge, seconda??/nrb\eeé(jﬁjér%ns s isf)ecf%rclz ?Iltjl%d”éséﬁ?%cé% %%J’eéi%%?q%%d [err]

oM Verti cal . 34 ana sa1d 61 5hd P Yed 0 Slodilae, 6l s L0 33

\ . 65%? _
‘wherein the slip means conprise a slip Insert having an inner. surface for
gripping pi pe anchesed duiceRcdesdndarBivedge sudfbcss i 1 sastem of any one

of claims 31 to 34 32 wherein for 'slidably connecting secondary wedges
to wedges and slipsai® wedgmdpineresigefaces and said outer slip '
| surfaces slide oﬁ'said inner Secondafy wedge
surfaces;. | |
(e) means éféventihg.said secondary wedges from
| sliding upwardly on said wedges:; ' \,}
(£) means_prevénting said slips from sliding |
éownwardly Qﬁ said secéndary wedgés; and
(g) 3ﬁéans fof”positioﬁing_each slip and secondary

wedge in mid neutral position on eéch wedge.

32, The Slip system of claim 31 wherein the wedge,
secondary wedge and slip inclined sUrfaces_are'inclined

5°-10° from vertical.

33. ~ The slip system of claim 32 wherein the wedge, N
secondary .wedge and slip inclined surfaces are inclined

8%° from vertical.
34. The slip system of any one of claims 31 to 33.
wherein the slip meéns comprise a slip insert having an

inner surface for gripping pipe anchored in each_slip.

35. The slip system of any one of claims 31 to 34




(a) the pins are swivel ably connected into each side of the wedges and.

slips, each said pin having a flat surface; (b)' th "
connect-eq, each side of each secondary wedge, said c Eﬂﬂﬂ“ﬂnﬂl nner
and out*t grooves, said flat surfaces on said wedge ptnstslid#bl & ih said
cam pl ates outer grooves and said flat su¥aces on said slip pawms slidable
i-n,said:cam pl ates, inper pgves. 36. .. The slip systemof claim35
wherein the CHRFTPReTOF oovieahlE CRRPSFlLPGr SPRORAOEE. ¥edgPSntanterass
upper portion , i g : _groove is inclined upwardly and
out,war dl'y [er?féf%g§?€2%§j%§?8é%. Hgg% %%F portion of the inside of the -

i'nner groove is inghhneghdP¥ehdl ¥rangoi QUBSEL Y é@ﬁﬁéeﬁé@”iﬁ@@ 48EhI £84e 37
The slip systemof any one of clainms 31 to 36 wherein the neans preventing

the .secondary wedges frem shédiadgeand! ¥19ps) heawRdgesa CPINT hagingay a
downwardly facing shoul der on the inner surface of each wedge; and (b) an
upwardly facing shoul deflat stefaceer surface of each secondary wedge. 38.
Thé slip assenbly of any one of clainms 31.to 37 . 33 wherein the neans.
preventing the slipB)frbhestani platesnare dcgnoected eachnddde e€dgash
conpri se: : o
i secondary wedge, said cam plates having inner. -
énd outer grooves, said flat_surfaces oﬁ saidl_
wedge pins slidéble'in_said cam plates outer
:grooves aﬂd'said flat su:faces'on said slip

pawls. slidable in said cam plates inner grooves.

- 36. _ .The slip sysfem,of_cléim 35 wheréin the cam
plate_grooveé are rectahgular'in droésfsecfibn-and the
upper portion of the_outside_of the outer groove is
inélined upwardly and oﬁtwafdly 8%° from vertical and the
upper pOrtioﬁ éf the insidé of the inner groove.is

inclined upwardly and inwardly 8%° from the vertical.

\_ 37. - The slip system of any one of claims 31 to 36 
wherein the méanslpreﬁenting'the secondary wedges from
slidiﬁg upwardly on the wedges comprise:
(a) a downwardly facing shoulder on the inner
sﬁrface of eaCh:wedgeﬁ_and
(b). an upwardly facing shoulder én thé outer surface

of each secondary wedge.

38. The slip assembly of any one of claims 31 to 37



- omnmerdl faci ng shoul der on the outer surface of each slip; and
-(b) an ﬂ“‘““ﬁﬂ“ % ouI der on the inner surface of each .secondary

. wedge. 3am system of any one of clains 31 to 38 whereip the
neans for posﬁtﬂonlng each slip and secondary wedge in md.neutral po§u£|on
on each wedge conprises: (a) an arm33votally connected in each wedge® -

openi ng, said arm extending through the secondary ge opening into the B
slip rec¥dersin ﬁQ@lW&a§SI8%@V3PFAPQSGPFaéélpﬁbfroﬂ gbiBirgsed spring 1
nmount ed round bol t ggﬁgored iin_a hole in said secondary wedge so that

sai d sprl 565593505 ﬁ&?&npéfgeWSHg§§lHoﬁpﬁfsﬁnd (c)” lower flat
surf aces |n S |q w%dggwgaggdg%é sa#ﬁgzeg 9§ﬁ¥| ?E?Fnglng and said ellp

- recess flat sorfacés engagea §hrface. 40.

Aslip assenbly fou@rheRi B¢ BLRR S99BLi §hA9: (@) housing neans t hr ough -
whi ch pipe is anedulnto and ou? o% 1; ?hg (b) . neans in said housing for

_ﬁrlpplng plpe(bnclealugweedqgsfeemnbeghaaidéadbﬁltHBVEHBak éﬁrfacé4 sai d
ou5|ng,

of each secondary wedge.

39, The slip sySfem of any one of claims 31 to 38
wherein the means for posifioning each slip and secondary

' wedge in mid neutral position on each wedge comprises:

(a) an arm pivotally connected in each wedge e
opening,.said arm extending through the
secondary wedge opehing into the'slip recess and
having a lower flat‘eurfeoe: |
(b)'.a'COmpressed spring mounted around a bolt
enohored in a hole in said secondary wedge so
thatdsaid spring applies a'downward'fOrce on
said arm; end |
.(c) lower flat surfaces in sald wedge openlng, sald
secondary wedge opening and sa1d slip recess .\,f

. flat surfaces engageable with said arm lower

flat surface.

40. : A slip assembly for gripping pipe comprlslng'
| (e) .hous1ng means through which pipe is moved into
and out of a well;
(b) means in said housing for gripping pipe

‘including wedgeé mounted for radial movement in



a .secondary wedge on each wedge, a slip on each secondary ‘wedge, “and neans
sl i dably .connectding said slips to said secondary vvedgimmwﬂ ndary
wedges -t'¢-sai d wedges, -5ai d slidably connecting nmean &nﬂ ﬂ;ﬁgm

smnvelaQ*y connected into each side of th% wedges and sl Fpst eac d pin
having a flat surface, and cam plates con ¥cted each si de of said secendary

wedge, said camplates Q§¥bngobgggé and outer grooves, said flat surfaces
on3sai d wedge pins slid e In sard cam pl ate. outer grooves and said flat .

surfaces on said slip PhNSe&bhdab| ewbdgsab £38hPLaEJe! Nner grooves; (c)
megns for operating said gripping means between positions initially

gripping and not gri ppiagspipeon(dachnesasondsadgi wedge dhdsai d pi pe

gri pping nmeans .for automatically increasing initial gripping force on
gripped pipe in responsmeausssbséqbbntcupneculng sawdwal tipsohgi sadldnal
movenent of gripped pipe in excess of about 0.7 inches (18mm; and (e)
means preventing said oﬁ%@@P@ﬁﬁYn§9ﬂ§e$r@ﬂ@oﬁé%@t$ﬁg°§@§EYgW¢§9¢ﬁgtﬁeans to

the position not gri in e.when said I ng -neans are
P g pp g g Q edges, said- 3§b19 connectlng means

1nclud1ng
pins sw1velably connected into each side of
the wedges-end slips, each sald pin hav1ng_a
flat Surfece; and
 cam'plates,connected each side of said
: seconda:y wedge,.said cam plates having
innef and outer'grooves, said flat surfaces
on said_Wedge pins slidable in said cam
' plate-outer grooves and said flat surfaces
on said slip pins slidable in said cam plafe
inner_grcoyes;e
(c) means for operating said gripping means between
positions ihitiallf gripping and not gripping
\~; | . pipé: |
| (d) means associated:with said pipe gripping means
.for automatically increasing initiallgripping
force on gripped pipe in respcnse to eubsequent
Upward'or-dchward longitudinal movement of
gripped pipe in excess'of about 0.7 inches
: o © (18mm); and -
| (e) means preventing said opereting means from
operating said gripping means.to the position

not gripping pipe when said gripping means are



The cl ai m40 wherein the neans for automatically

i ncr orce on-initially ‘gri pped pi pe in¢ludes nmeans fé
automatically returning said grippin neans to neutral position when Kzld :
gripping neans are not gripping pipe: 542, A slip assenbly constructed
and arranged for use and operation substantlaJIgias described herein with

'35 aut omat i camaﬁleas ng gr| ppi ng force on initially gripped pipe. 41.

reference to the aRCHABRRYF R Wr RFTRRSiNg gripping force on 4
initially grlpped plpe. - _ k' 
41. . The slip assembly of claim 40 wherein the means

for automatically increasing gripping force on initially
gripped pipe includes means for automatically returning
- said gripping means to neutral position'when said gripping.

means are not gripping pipe.

42. A slip assembly constructed and arranged for use - )
and operatlon substantlally as descrlbed herein with

reference to ‘the accompanylng draw1ngs.




