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Broach Style Anti Retstion Devies For Connsctors

BACKGROUND OF THE INVENTION

i. Field of the Inveniion

18001} The present invention relates in general to whulst connectors, and in particular 16 an anti-

rotation devics to prevent two connected ubular members from rotating relative to cach other,

2. Brief Desaription of Related Art

{08821 {0002] Tubular members are connected to cuch other for varicus wellbore operations,
The wbulsr members can be, for sxample, pipe, drill sinng, riser sections, and casing, and the
ltke. Some of the juints between tubular membery nvolve 2 pin and box connector, wherein
external threads on the pin threadingly engage internal threads on the box. Once the pin and box
are mude up to the desired forque, & Jocking mechanism is used o prevent them from rowsting

relative w each other,

{8883 Operators bave eunployed antbroation keys or tabs @ prevent loosening. In s key style
snti-rotation device, 3 key i3 inserted info the snnulus between the pin and the vim of the box,
Such insertion, howsver, can cause 8 “hoop style” deformetion of the box, wherein the portion of
the box nesr the key s foreed outward, rosulting m 2 non-round, o oval shape.  Such
deformation puls siress on the box. In a tab-style sntivetation device, 8 rectanguler pocket or
slet ts machined on the outer surface of the pin comnecior, The box connector is machined io
inchude tabs that can be driven into the pocket. The box connector tab and pin connecior pockst
will line up after making up the conngetors. The workers will then drive the tab into the pin
cenpecior pocket. Unfortunstely, for sorme types of anti-rouation tabs, the most expediont way 10

engage the ab is 10 use 8 wol gun with an explosive carlridge, the explosive cartridge acluatiog a
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harnmer to push the tab in. The explosive tool gun, however, can be perceived as hazavdous to
use and, in some cases, is not allowsd by el laws, ¢ s desirublo o heve an anti-rotation
devics that does not require the use of an explosive hammer to prevent the rotation of made-up

tubular members relative (o cach other,
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SUMMARY OF THE INVENTION

60084] Embodiments of the claimed invention include 2 broach stvle anti-rotation tool for use
with tubuiar members that sre connested, or made-up, (o cach othoer to provent the rolation of one
member relative o the other member. The whudar connectors can be seaiinns of, for example,
risor casing, drill string, pips, or any other type of tubolar that includes o pin and box type

connection that is connected by way of rotation.

{68051 The broach style anti-rotation device is inserted in a slot on the bax or pin, between the
connector box and the pin. The device acts as a broach wol by removing matenial in steps and
serrating into the opposite member. For exampls, if the siot is on the pin, then the broach tool
rernoves mastorial from the box.  When the broach iceth dig inte thal opposite member, the

broach disallows rotstion betwesn the two members,

0808} Pin and box members arg iypically made-up to an operation torgue.  In one type of
conventional conneciors, the bog has a 1ab snd the pin has 2 slot. The slot indicates the location
of a feature on the pin, such as a recess for receiving a ab, and thus indicates when the connector
is properly made-up. That slot, used on conventionsl pin oo mectors, ean be used in conjunchion

with the broach-sivie anti-rotation tool.

#0071 Once the conneotors are completely imstabied, the broach style amii-rotation tool is
inseried and driven indo the pin slot by a hydraulic or preumatic wol, Other types of impact op
press-{it toods con be used. In order to sasily shear materig! from the omer wall of the box sear
the rim, the key will have the broach teeth at the from 1o ot the hox material 35 11 s being
mserted. As the devics iy wserted, it digs mio the box connecior by romoving material within

each step unti! i reaches the desired dimension, The device is fully insevted whan the lower
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shoulder rests flush against the top of the box connector. At this point, the device is secured and
will provide anti-rofation resistance to koep the commector from breaking torgue. By shearing
material as it {5 inseried, the broach stvle tool does not cause the hoop exprnsion assoointed with
other types of koys. The shearing nature of the broach siyle tool also doorcases the amount of
tnsertion force reguired and provides mors surface area of engagoment between the device and

the box,
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BRIEF DESCRIPTION OF THE DRAWINGS
{8068} So that the manner s which the foatures, advaniages and ohiects of the invention, ss well
as others which will beeome apparent, are attsined and can be uaderstood in more detail, morg
particular description of the nvention briefly suramarized above may be had by reference o the
embodinent thersof which is ithusirated in the sppended drawings, which drawings form a part
of this specification. It s fo be noted, howover, that the drawings dlesirate only o proferred
embodiment of the invention and i therefore not 16 be considered limiting of Us scope as the

invention may admit {0 other egually effective embodiments.

Figure 1 is 3 side scotional view of 2 box and pin conneotion between two tubnlar mombers,

Figure 2 s a side seetional view of an anti-rotation brosch engaging sach of 2 box and 4 pin in

accordance with an embodiment of the invention.
Figure 3 s a perspective view of the anti-rotation broach of Figure 2,
Figure 4 is a perspeciive view of an eavbodiment of an anti-rodadion broseh for radial insertion,

Figure 3§ 15 a partial sectional side environmental view of the anti-rolation brosch of Figure 4

shown 1o epgagement with & pin and o box.

Figure 6 15 & side view of the anti-rotation broach of Figure 4 shown in eogagement with a pin

and 2 bow.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

009 The present invention will now be described mwore fully hersinafier with reference to the
sceompanying drawings which illustraie embodiments of the invention. This inveation nay,
however, be embodied in many different forms and should not be consirued a5 Hmited 1o the
Hustrated embodiments set forth berein. Rather, these smbodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the ant. Like numbers refir 10 fike cloments throughout, and the prinwe notation, i

used, indicaes similar elementds in slternative ermbodiments,

{8018} Rofering to Figure §, anti-reimion mochanism 100 for » tubular conngetion or pipe joint
between 3 pin member Mpin™ 142 and box member Fbox™ 184 s shown, Pin 102 15 a3
conpector on fubular member 106, and box 104 i a connector on tubulay member 108, Tubular
members 106 and 108 can be any type of tubular member including, for example. pipe, riser
sections, drill siring scotions, amsd casing.  Tubuler members 106 and 108 can cach have

connectors at cach end such as min 102 gt one end and box 104 at the other end,

{914} Pin 102 bas an external thread 112 that exiends dowaward o pin oylindrical body 114
woward a pin end 116, One or more axial slots 118 are formed on an outer diameter surface of
cylindrical body 114, Referring w Figure 2, cach axdal shot 1{E is gonerally parallel w the axis
of pin 102, Axial slot 113 moludes shot sidowslls 120, and g slot backwall 122, The axdsl loagih
of skt 118 extends from 2 lowermost point just sbove throaded section 112 upward o 2 polmt
that will bo accossible when pin 102 is made up with box 104, The broach style anti-rotation
devies is not Hmited to connectors having a slot in the pin.  For example, the slot can be in the

by,

43415831
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18812} Box 104 has a rim, or box end, 126, A bore 128 having 5 cylindrical inner diameter
surfuce extends downward fom rim 126, Box 104 has an intornal thread 136 that is cooporative
with external thread 112, extending from a rimn 126 16 2 box bore 132, The inner diameter of
bore 128 can range from alightly grester than the outer diameter of body 114 so that there ia a
close fit between the two componesnts, or the diameter of bore 104 can be greater than the ouler

dismetor of body 114 such that an annulug cxists butwoen the two compononts.

[B013 Pin 102 and box 104 are rowted relative 1o cach other 1o make up threads 112 and 130
into o jound as shown in Figure | For description purposes, it s assumed that pin 102 is pointing
downward such that pin end 116 15 the lowermost portion of pin 102, and box 104 is poinling
upward such that box ond 126 & the uppermost portion of box M. The relative positions
describad in this apecification, such as “above” or “below” are for description only. The

componcns desoribed can be used in sny oreniation,

18814} As one of skill in the art will appreciate, seal 136 can reside in a groove at a lower end of
box 104 for sesling against the nose section of pin 102, Other sealing teclmigues, such as metd
to-metal sealing, con be used to eatablish a seal between pin 102 and box 104, Cne or more
conventional anti-rotation tabs {not shown} cen be spaced apart wround & circumferencs of the
outer diameter of box 104, The tabs {not shown) can be driven ints circumiorentially oxiending
recesses {not showny of pin 102, Siots 118 can be conventional focator slots that indicsto the
focation of the recesses (not shown) in pin 102, Altemnatively, anti-rotation mechsnism 108, and

thus glofs 118, can he used in cmbodimenis that do not inciude tabs and recesses.

{0015} Referring to Figure 2, broach 144 5 3 cutting ool having multiple toath 146 protruding

from a face of body 148, The widih of body 148 is leas than the distance between sidewails 120
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of slot 118, so that body 148 can slide imo siot 118, Teeth 146, and possibly a portion of body

148 protrude radially from stot 118 when broach 144 is positioned in slob 118,

{8818} The height of teeth 146 gets progressively greater when moving from the nose 150 o the
izi} 152 of broach 144, Ax shown in Figure 2, the height of tooth 1464 is less than the heighi of
tonth 146h, the height of tooth 146k is less than the height of woth 146c, and so on {The
designations of “a,” “b,” and "¢ ame to distinguish which tooth 146 is providing o cul at a
spectfic dopth. Fach of tweth 1463, 146b, and 146c are concidered s tooth 146). At least a
plurality of teeth 146 have a height selocted so that those teeth engage the inner diameter surface
of bore 104 when broach 144 is positioned in slot 118 and the hottom surface of broach 144 s in

contaet with backwall 122,

IB817] Each tonth 146 inchudes a cutting surface 134, Cutting surface 154 5 located a the tip of
each tooth 148 and is generally transverse to the lengih of body 148, Culting surface 154 faces
foward nose 138 so that when broach 144 is driven info slot 118 and weth 146 engage bore 104,
cutting surfaces 134 shear away & portion of the surface of bore 104, Becauss the length of body
148 can be greater than or less than the width of body 148, e longliuding direction of broack

48 i defined by the dirsction of the cutting surfaces 154 of sach woth 148,

{18 As shown in Figure 2, each wonth 148 shears away a portion of the surface of bore 1M ©
creste run slot 188, Dashed lines 156 represent the depth of cut of each successive tooth 146,
Because the height of cach successive tooth 148 15 greater than the previous tooth 144, cach
syccessive tooth 146 shears an amount of metorial cqual (0 the height dilferentis! between i and
the preceding tooth 146, Therefore, tooth 146a shears a shallow groove that defines the entire.

length of rim slot 160, Tooth 146, which follows waoth 146a, makes the shallow groove deeper
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by an amount ggual o the height differentsl botween woth 146b and iooth 1462, Tooth 148b
doos not travel the entive length of the nowly cut rim slot 150, thus giving rim slot 164 a siepped
profile. Tooth 146c, which follows tonth 146b, makes the groove desper by an amount equsl o
the height difforential between tooth 1460 gnd tooth 146b. After rim slot 160 is cut into the bore
128 of box 104, a shoulder 162 of rim slot 160 engages the side fices of iceth 144,
Embodimenis of broach 144 include gullot 164 located betweon cuch wooth 146, Gullet 184 s a

recess that receives and holds the material, or chips 168, sheared sway by each tooth 146

180198] Referring 1o Figure 3, cuch tooth 146 can have multiple Istersily sdiacent tooth segmenis
168, separated by Haear slot 178, The laterally adjacent segments 168 cul in the same horizonts]
plane, wherein that planc is transverse & body 148 and, thus, transverse to the direction in which
broach 144 1¢ advancing during the eut. The tooth sogments 168 of each successive tooth 146
are Hncarly shigned so that the tooth 146 successively romove material from a plurslity of slots,
thus leaving on bore 104 & pharality of shoulders 162 {Figure 2) between sach series of woth

segments 168,

{026} Referring back to Figure 2, il 157 has » height greater than the height of any of the testh
146, When brosch 144 is inserted between pin 102 and box 104, tail 152 protrudes above vim
126 and, thus, can be used ag a contact poind for driving broach 144 into position. Upward
facing shouldor 176 can also be used to insent broach 144, Similardy, brosch 149 inchsdes
downward facing shoulder 178 that can be used to extract broach 144, The broach i fully

mnseried when the lower shoulder 180 of 1ai] 152 coniacts rim 126,

{8028 In operation, tubular member 106 v made up with tbular member 108 by inserting pin

192 o box 104, Pin 102 1 rotated, relative W haw 3104, so that extemal thread 112 threadingly
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engages internal thread 130, Pin 102 is rotated until & desired torque is achieved. The desired
torgue 1 dotormined bascd on, for cxample, the torgue necossary & achiove & particular seal

bhetwesn the two members.

022} Once pin 102 is sufficiently torgued indo box 134, brosch 144 b inserted between pin
body 114 and bore 128 of rim 128, In cmbodimends having a elot 118 onpin 102, slot 118 ora
portion thereof {5 concentricatly located wuth rim 128, and body 148 of broach 144 i¢ inserted
into stot [18. Shot 118 is paraliel to the axis of pin 102 and, thus, broach 144 s axially inscried
along the culer diameier of the sidewall of pin body 114, Teeth 148 sre facing downward with
catting surface 1534 Gransverse to the axds of pin 142 and box 194 when broach 144 is inserted.
Testh 146 of broach 144 begin o ongage the tnnor diamcier surface of bore 138 as broach 144 is

insertod.

(0131 A tool s used to fovee broach 144 imo position. The ool can be o preumatic or
hydraulic hammer, 2 hydraulic press, 8 manusl hammer, or any other type of device that can
exert gxial foree against tail 132 of yoach 144, Berause tecth 146 sxtend radislly beyond the
inner diameler of bore 128, cutting surface 154 begins 1o shear away material frons box 194
Each successive tooth 146 is 2 stop taller than the preceding tooth 146, so cach tooth 148 culs 2
gew step it bore 128, MNope of the tecth 146 individually cuwt the full depth of rim slot 160,
Rather, cach twooth 146 ouls an addittonal portion boyond what the lowor tooth 146 cut. Broach
144 is tully inserted when the lower shoulder 180 rests fhush against the top of the box connecior
ri 126, Beesuse broach 144 shears material from box 104, it does not exert outward radial
fore againet box {04, Therefore, there is an absence of radial deformation when broach 144 &

insericd.
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{0024} With broach 144 fully inserted, slot sidewalls 120 wanafer torgue to body 148 of broach
{44, Broach 144, in nen, transfors wrgee to shoulders 162 of rim slot 160 by way of the side of

gach tooth 146, Rroach 144, thus, provents pin 102 from rotating refative 1o box 184,

{025} Relernng lo Figure 4, broach 144 includes 3 body 190, defined by front face 194, rear
face 192, sidewalls 194, and top surfhce 198 Touth 196 extend downward from body 190, on
the end apposite of top swrface 195, Cutting surfaces 198 are located of the tips of teeth 196
Cutling surfaces 198 are gesorally paralicl 1o frosg face 191 and rear face 192, snd face the
opposite direction of rear fave 192, The divection of insertion of broach 184 s oward front fuce
191, Arrgw 200 indicales the direction of tnsertion of broach 184, Cutting surfaces 198, thus,

shear mailorial when broach 184 i3 moved in the dircetion of insertion,

{0026] Touth 196 make up 2 phurality of rows of testh 196, When meving from the rear of
broach 184 toward rear face 192, sach woth 196 has a successively gremier height, Therefore,
when the broach is sdvanced in the direction of insertion (aryow 00, the first tooth 196 10
engage shears away 4 small amount of material, the following tooth 198 shears an additional
amount of matenal from the same siod shearsd by the first 1ooth 196, and so on. Gullets 702 are
located between ieeth 198 in the divection of insertion. Linear slots 204 are located betwesn
tooth segments along the width of broach 184, One or more bores 208 pags through front reay
192 of body 190, Bores 206, thus, sro parallel to the dircotion of insertion. Each bore 206 can

have & counierbore 208,

{00271 Reforning to Figure 5, shot 210 i a2 recess on an ouder dismeter of pin 212, Slol 210 s
defined by 2 downward facing shoulder 214, and sidewalls 216 (Figure 63 Slot 210 is 3 three-

sided slot, having an open lower end. Box 218, which threadingly engages pin 212, has 2 run
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with an upward facing surface 228, When box 218 is operationally compected to pin 212,
upward facing surfece 230 defines the lower odge of shmt 210, The vertical height of broack 134,
from top surface 193 to cutting surfaces 198 (ol the tips of toath 196}, is groaler than the vertical

height of slet 210 from dowaward facing shoulder 214 1o vpward facing surface 226,

{828} Radial broach 184 is inserted radially, rather than axislly, into sfot 218 The direction of
insertion 200 is normal to the outer diametsrs of pin 212 and box 218, with from face 191 facing
the back wall of slot 210 Radial broach is forcibly inserted inte shot 218, thus causing cutting
surfaces 198 1o sheur o portion of upward facing surfacs 220, Tho sheared portion of upward
facing surface 226 defines rim slot 227, Broach 134 is forcibly inserted by, for example, striking
it one of more times with o bammer, 2 prownatie banonwr, wging 1 inward with a hydraulic
pross, or any other dovice for spplying radist force. After vim skt 222 is out into surface 220, a
shoulder 224 of vim slot 222 cngages the side faces of tweth 196, Lincar sliis 204, bobwien
segmenis of ezch tooth 196, do not cut material From murface 220, thus leaving ridges 226 which

engage shoulders of each segment of tooth 196,

{8928} Referring to Figure 6, once radial broach 184 is fully bwerted, fasteners such a5 bolis 226
are used 1o hold broach 184 in position. Threaded bolt boles {not shown) are located in the back
wall of stot 210 in alignment with bores 206, Bolts 226 pass through bores 206 and threadingly
engage the boll boles (not shown), With broach 189 fully inserted, siot sidewalls 216 transtfor
torgue 1o body 1940 of broach 184, Brouch 184, in turn, transfers torgue to shoulders 224 of i
slot 222 by way of the side of cach tooth 196, Brosch 184, thus, prevents pin 212 from rotating

relative to box 218,
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{8838} Wisle the invention has been shown or described in only some of its forms, # should be
spparent to those skilled in the art that 4 is not so Homied, but is suscoptible & various changes

without departing from (e scope of the invention,



WO 2014/074447 PCT/US2013/068274
14

What is claimed s
i. A wbular connection comprising:

a tubulay box connector having a rim, a cvhindrical inner dametor swrface extending from the

virn, and an infernal thresded section extending from the Inner dlameter oylindrical surlsos:

a tubular pin having an exiomal threaded scclion exiending from s cylindrical body having an
outer dimmeter surface, the oylindrical outer dlaweler surface being positionsd concentrically
within the cylindrical inner diameter surface when the external threaded section mates with the

internal threaded section;

a siot in at least one of the inner diameter surface and the ouler diameter surface, the siot having

a pair of sidewally; and

a broach, the broach having 2 tool body with a plurality of toeth extending from a {ace of the ool
body snd having 8 culting direction, each of the pluralily of teeth prowuding further from the
cutward face than the preceding one of the phavality of weth, when moving opposite the cutling
direction, so that when the broach is deiven intoy the slot, the teeth protrude from the slot and
shearingly cngage one of the box member and the pin momber 10 creale 2 sheared slod, the pair of
sidewalic engaging the body to preverd rotational movement of the pin member relative {o the

box member.

2. The twbular connection sccording to Ulaim |, whersin each of the phaslity of teeth
further comprises at least bwo cutting surfaces separatsd by a linear slot, the Hincar slots gach

being aligned with the linear slols of each of the other of the plurality of teeth,

3

i
I
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3 The wmbular connection aceording o Claim 1, wherein sach tooth comprises a cutting
surfaco, the cutiing serface being genorally transverse to an axis of the box membor when the

broach 15 driven into the siod

4, The whulsr conpection aseording o Claim 1, whereln the sheared slot is on an inner

drameter surface of the rim.

& ‘The mubular connection acoording to Claum |, wherein the sheared slot is on an end of the
rin
5. The tubular connection aceordimg to Claim |, wheren the broach further comprises a

gullet located axislly botwoon oach of the icoth and whereln at least a portion of the matedal

sheaved away by sach of the teath s contained by the gullet.

7. The wbular connection according fo Claim 1, wherein the dot is an axisd slot parallel 10

an axis of the pin.
& An anti-rodation sysiem for a connection joint, the sysiem comprising:
@ PIR member comwising:

& pin thread section having a plurality of outward facing threads extending from anend of

the pin member,

3 cyhindrical outer diaraeter surface extending from the pin thread section. and

a siot in the cylindrical outer diameter surface proximais 1o the pin thread section
a box member comprising:

& eviindrical rim having & vim surfagce,
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3 hox thread section having & phluslity of inward facing threads on an inner diameter
surfacs, the box thread scotion throadingly engaging the pin throad section {o detachably connest

the pin member to the box member; and
a broach comprising:

& body having a first and second end in 2 common plang, and defining a divection of

inseriion perpsndicular 1o the conumon plane, and

a plurality of teeth extending from the second sad, cach of the plurality of teeth
terminating in a cutting surfacs, the length of the body from the first end o at least one of the
plurality of teeth buing greater than the distance from a surface of the skol to the rim surface, so
that when the broach s inserted inio the stot, with the weth facing toward the rim, ot least one of

the plurahity of toeth shears a vim slot in the rin

2, The anii-rotation system according to Ulaim 8, whersin the rim surfacs s on an inner

diameter of the rim.

i The antbrotation sysiem according to Claim 8, wherein the vim surface is on an end of
the rim.
ti. The anti-rolation system according 1o Claim §, whersin the height of sach of the plurality

of testit is greater than the height of the preceding one of the plurality of weth when moving in
the direction of tosention, so that the first of the phuslity of weeth that engages the tm culs the

rirn shot and cach suceessive tooth nercases the depth of the rim shot,
12, The anti-rotation system according to Claim &, wherein each of the plumlity of testh
further compnses at least two cuting surfaces separated by 2 linear slot, the lingar slows cach

boing sligned with the bnesr slols of each of the other of the plurshiy of teeth.
& By B 3
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13, The anti-rotaiion system according to Claim 8, wherein a plurality of the plurality of teoth

shoars away 2 portion of the rim to crosie the riny slod when the broach is driven into the slol

{4,  The anti-rofation systern according to Claim 8, whercin the broach fether comprises s
guklet located between each of the plurality of tevth and wherein at least a portion of the material

sheared away by each of the teeth is contained by the gullet

1S, A method for provenung voistion botween connected fubular members, the method

comprising:

{a) providing » box member comprising « rim having a rim surface and a plurality of

swward facing throads,

{b} mscrting @ pin momber mie the box member, the pin member comprising a pin
thread section having a phisality of outward fscing threads extonding from an ond
of the pin member, 2 cyhindrical suter diameter surface extending fom the pin
thread saction, and 2 slot in the oyvlindrical ouler diametor surface proximate 1o the

pin thread seetion;

{¢} threadingly engaging the inward facing throads with a pin thread section of 2 box
member antil a seal is formed betwesn the pin member and the box member, the
rira heing concendrically located with a portion of the cylindrical ouder diameter

surface;

{d} positioning a hroach proximate o the slot, the broach comprising a body having a
fired and second ond, and 2 plurslity of teeth extending from the second end, the

length from the firgl end {o the teeth being greater than a dimension of the slot so

that the teeth protrude from the slot when the broach is inserted into the slot; and
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(&} sheaning a rim siot in the rim by driving the broach indo the siot.

16, The method according o Clanm 15, wherein sach successive one of the plurality of teeth
has a height greater than the preceding one of the plurality of tecth, when moving from the firgt
end {0 the second end, and wherein step (e} Rurther compnises each one of the plurakity of teeth
cutiing the rim slod succesgively deeper.

17, The method sceording to Claim 15, Quther comprising the step of resisting rotation of the
pin member relative 10 the box member by sngaging & shoulder of the slot and a shoulder of the
rim slot with the broach,

18, The mothod sceording lo Clawm 13, whorein cach of the phwality of woth further
comprizes al least two cutting surfaces separated by a Unear slot, the bneur slots such being
aligned with the lnear slote of cach of the other of the plurality of teeth, and whersin step {e)
fusther comprises shearing at least two parallel ripy alots,

19, The method according to Claim 18, wherein a sidewall of each of the rin slots engages a
tooth sidewall of al least one of the phality of teeth to prevent the box momber from rotating

relative 10 the pin member.

23 The method according {0 Clam 1R, further comprising the step of securing the brosch

with ai least ong threaded fastener.
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