SHEAR BLADE AND METHOD OF ATTACHMENT TO SHEAR RAMS Field of the Invention: [0001]
This disclosure relates in general to drilling and in particular to an improved shear blade attached to
shear rams for a blowout preventer. Background of the Invention: [0002] In offshore drilling operations,
the operator will perform drilling operations through a drilling riser. The drilling riser extends between
the subsea wellhead assembly at the seafloor and the drilling vessel. The drilling riser is made up of a
number of individual joints or sections. These sections are secured to each other and run from a riser
deploying floor of the drilli‘%?rvessel. The drilling riser also normally_has a number of auxiliary conduits

that extend around fHe 1R é@rﬁrﬁb@p@% o@%éﬁI&ﬁ}WE dE%%UW@%MﬁhC fluid

pressure to a subsea blowout preventer (BOP) installed on the subsea wellhead to control the well. A
BOP as | BIXWAP}ee%%%QQf a stack assembly which may be located at the lower end of the riser

extending downwar fom the drilling vessel. The BOP stack assembly will normally contain shear

rams, pipe rams, variable bore rams, annular closure member, and a quick disconnect mechanism for
disconnecting from the riser in the event of an emergency. When actuated, shear rams will close the
through B%%glﬂcﬁ“élé’és&%%‘rr B Wellesite é’%‘ﬂfﬁﬁl ABDATGHIG" & easmpravededianaiititay
be attached to a ram block via a plurality of bolts that pass through a front face of the shear blade and
threadinG{a57g548 ﬁ{?%ﬁ?mﬁé& %MRW%W id in resisting forces during shearing and also

from the wellbore pressure. However, a counterbore for each of the bolts on the
Background of the Invention:

[0002] In offshore drilling operations, the operator \p#irform drilling operations through a drilling
riser. The drilling riser extends between the sabaellhead assembly at the seafloor and the
drilling vessel. The drilling riser is made upahumber of individual joints or sections. These
sections are secured to each other and run fraseiadeploying floor of the drilling vessel. The
drilling riser also normally has a number of awami conduits that extend around the main central
pipe. Some of the auxiliary conduits supply hydicaluid pressure to a subsea blowout preventer

(BOP) installed on the subsea wellhead to cont®Mell.

A BOP assembly may be part of a stack assemblyhwhary be located at the lower end of the riser
extending downward from the drilling vessel. eTBOP stack assembly will normally contain
shear rams, pipe rams, variable bore rams, anecidaure member, and a quick disconnect
mechanism for disconnecting from the riser in then¢ of an emergency. When actuated, shear
rams will close the through bore and also shepe i the well, such as drill pipe, tubing, or casi

A shear blade may be attached to a ram blockpiarality of bolts that pass through a front fate
the shear blade and threadingly engage the rark.bkagther, the bolts aid in resisting forces dgri

shearing and also from the wellbore pressure. Heweavcounterbore for each of the bolts on the



front face of the shear blade reduces the area of the blade, thereby reducing the strength of the blade.
An improved technique for attaching the shear blade to the ram block is therefore needed. Summary of
the Invention: [0003] These and other problems are generally solved or circumvented, and technical
advantages are generally achieved, by preferred embodiments of the present invention that provide a
method of attaching a shear blade to shear rams. [0004] An embodiment of the present invention
provides a shear ram assembly comprising of a shear blade attached to a ram block. A similar shear
blade and ram block js o posit(f from and offset to, the aforementioned shear blade an%ram block. At

least ond"BBHPEE LIS TEANREYR HIURGRINR AETINMGH I CLARISEKCAG BIF I8 R H3FRES in a
back face of shear blade that corresponds with the bolt passage on the ram block. A bolt infroduced
o tho 5O FRSCRICFNB AR ook 240 Ui EAE Jo T R K R AIGFICIS SIERIHEL the shear
blade to the ram block. The bolt may threadingly engage the bolt passage in the shear blade. Further,
at least %ﬁﬂgﬁ%ﬁ%g%%ﬂfmd on the face of the shear blade that registers with a bolt passage

formed on a face of the ram block. The bolt passages on the shear blade and ram block faces allow a
bolt to be introduced into the passages and thredingly engage the ram block to provide additional

connectifp08Bhilitysefdhd otieapinddodkenve tir di e resma by acity ¢8GDM) € hie te anidi tpeh vt abanhenttagabare
shear blade to the ram block utilizing the angled bolt passages at the top of the ram block and back
face of tlyesbedly [z abieesdoyguyetersdiecnbadarbptstofirigdent theesitiear thiztder dyidecacastig thef
surface area of the front face of the shear blade because no additional material must be removed from
the frontdteeorgaa dhiearab lbdk: pasbagesams.

[0004] An embodiment of the present invention providetieas ram assembly comprising of a

shear blade attached to a ram block. A similaashiade and ram block is opposite from and offset
to the aforementioned shear blade and ram blatleast one bolt passage is formed at an angle at
the top of the ram block. A bolt passage is fornmed back face of shear blade that corresponds
with the bolt passage on the ram block. A bolodticed into the bolt passage of the ram block and
also the bolt passage in the shear blade attabheshear blade to the ram block. The bolt may
threadingly engage the bolt passage in the shadeblFurther, at least one bolt passage is formed
on the face of the shear blade that registersaviiblt passage formed on a face of the ram block.
The bolt passages on the shear blade and ram taoek allow a bolt to be introduced into the

passages and thredingly engage the ram block Wdaradditional connection stability of the shear

blade with the ram block.

[0005] The technique of connecting the shear blade tarahe block utilizing the angled bolt
passages at the top of the ram block and backofaite shear blade advantageously increase the
strength of the shear blade by increasing the seideea of the front face of the shear blade becaus

no additional material must be removed from thatfface for additional bolt passages.



Brief Description of the Drawings:  Figure 1 is a perspective view of the ram blocks of a shear ram
assembly in accordance with this disclosure. Figure 2 is a side view of the ram blocks of Figure 1.
Figure 3 is a top view of the ram blocks of Figure 1. Figure 3A is a side sectional view of one of the
ram blocks of Figure 1. Figure 4 is a bottom perspective view of the ram blocks of Figure 1. Figure 5 is
a front view of the upper ram block of Figure 1.  Figure 6 is a perspective view of a blowout
preventer assembly having shear rams in accordance with this disclosure.

Brief Description of the Drawings:

Figure 1 is a perspective view of the ram blodka shear ram assembly in accordance

with this disclosure.

Figure 2 is a side view of the ram blocks of Feglr

Figure 3 is a top view of the ram blocks of Figlire

Figure 3A is a side sectional view of one of tmrblocks of Figure 1.

Figure 4 is a bottom perspective view of the rdocks of Figure 1.

Figure 5 is a front view of the upper ram blockajure 1.

Figure 6 is a perspective view of a blowout prégeassembly having shear rams in

accordance with this disclosure.

Detailed Description:

[0006] Referring to Figure 1, shear rams or blind shearsrd1l are shown removed from the
housing or bonnet in which they are located. Sheas 11 are part of a ram BOP assembly that is
part of a stack assembly, which is located at ¢leet end of a riser extending downward from a
drilling vessel. The lower end of the BOP stackeasbly secures to a subsea wellhead on the sea
floor. The BOP stack assembly will normally alemtain pipe rams, variable bore rams, an annular

closure member, and a quick disconnect mechanistidoonnecting from the riser in the event of



Detailed Description: [0006] Referring to Figure 1, shear rams or blind shear rams 11 are shown
removed from the housing or bonnet in which they are located. Shear rams 11 are part of a ram BOP
assembly that is part of a stack assembly, which is located at the lower end of a riser extending
downward from a drilling vessel. The lower end of the BOP stack assembly secures to a subsea
wellhead on the sea floor. The BOP stack assembly will normally also contain pipe rams, variable bore
rams, an annular closure member, and a quick disconnect mechanism for disconnecting from the riser
in the event of an emergency. When actuated, shear rams 11 will close the through bore and als
shear piff FTBRESRRNY s QURCLCARHFLRSD SRR CIBS RO RE oY ER BAFS A4 A Peae BIRS he
ram assembly 13 havig@rla forward end 15. A semi-circular seal groove 16 is located on the upper side

of upper ¥ith BHEESFN PREVHRIY O fi85BPan elastomeric seal 9. An upper shearing blade 17

mounts to forward end 15. In this embodiment, a plurality of bolts 18 may be introduced into bolt

passagefdl ARG NI R MA eIV diasspér i Bhing SaRef HaerRlakeehh 2 reaswrig ags, The

bolt passages 20 are parallel to axis Ax and form a counterbore at the forward face 23 of the upper

shearingdaladeddy 26N OIdha BB MOTUPPIE SRIEAIHIERS BILRIPA! RaSRAGSTing ATMdrfisrhiumed

on the forward end 15 of the upper ram assembly 13, which register with the bolt passages 20 of the

upper shagdfthiiadSddl-of NAR QUG 4BIRENIRVE A HERRIRE SSHA/ARE BIRIIIESIOIRQHISRABENER, a

threaded inner profile of the bolt passages 20, 22. The size of the bolts 18 can vary depending on the

shear forg&s-H¥Pef IS81EL deand iR MelbalRERMRS HORRL KL aAMe RS BRItE LRRHPARe Sy arefR

the forward face 23 of the upper blade 17, at least one angled bolt 26 is introduced into an angled bolt

paSSagel%ﬁ)B?%%ﬁrﬂfg HIaRPE © K pearRbHIGAtP e hTRREGRIDY akd JarHiR @B RAd e Ahg oM a

there are two angled bolt passages, each on an opposite side of axis Ax. The angled bolt 26 and

angled bgd pRegRae gﬁt%qw%ﬁﬁéérﬂé%fkiﬁ@%bﬁ%w Blade 1he ERNRBFthETMIGIRY bAloRasaage

28 is located inward or forward from seal groove 16.
continues into bolt passages 22 (Figure 3) fornmetthe forward end 15 of the upper ram assembly

13, which register with the bolt passages 20 otifiiger shearing blade 17. The bolts 18 may have a
threaded exterior profile to correspond with aaloied inner profile of the bolt passages 20, 22 Th

size of the bolts 18 can vary depending on therdbeees experienced and the well pressures.

[0008] In addition to the bolts 18 entering through theviard face 23 of the upper blade 17, at least

one angled bolt 26 is introduced into an angled padsage 28 formed on an upper surface of the
upper ram assembly 13. In the embodiment shovene tare two angled bolt passages, each on an
opposite side of axis Ax. The angled bolt 26 amgled bolt passage 28 is discussed further below
at Figure 3A. The entrance of angled bolt pas28gs located inward or forward from seal groove

16.

[0009] Continuing to refer to Figure 1, the forward fa8ed? upper blade 17 has an upper edge 19
and a lower edge 21. Lower edge 21 extends forveatider than upper edge 19 in this example,

resulting in face 23 inclining relative to verticdtace 23 is also generally concave, resultirigen



[0009] Continuing to refer to Figure 1, the forward face 23 of upper blade 17 has an upper edge 19
and a lower edge 21. Lower edge 21 extends forward farther than upper edge 19 in this example,
resulting in face 23 inclining relative to vertical. Face 23 is also generally concave, resulting in the
center of face 23 between its outboard ends 24 being recessed relative to the more forward portions of
face 23 at outboard ends 24. A variety of different shapes for upper blade 17 may be employed.

center of face 23 between its outboard ends 24jlvenessed relative to the more forward portions

of face 23 at outboard ends 24. A variety of ddfe shapes for upper blade 17 may be employed.

[0010] Pipe guide arms 25 may be located on the outbaded ef upper ram block forward end 15.
Each arm 25 could be formed integrally with upen block 13, but they could be otherwise
attached, such as by welding or fasteners. Eacl2ahas a vertically oriented inboard side 27 and
a forward end or tip 29. A wedge surface 31 exddnain a forward part of inboard side 27 to tip
29. Each inboard side 27 is parallel with the lardjnal axis Ax of shear rams 11 in this example.
Wedge surface 31 may be a flat vertical surfaceshasvn, that is at an acute angle relative to
longitudinal axis Ax. In this embodiment, wedgeface 31 is at an angle of about 30 degrees
relative to longitudinal axis Ax. Rather than flatdge surface 31 could be a curved surface. Each
guide arm 25 has an upper side 33 that is flatraadhorizontal plane in this example. A chamfer o

bevel 34 optionally may be at the intersectionmder side 33 with tip 29.

[0011] As shown in Figure 2, upper side 33 is spacedlatwar elevation on upper ram block
forward end 15 than upper blade lower edge 21.eUpie 33 is not located directly under upper
blade 17 in this example because inboard side 8daf arm 25 is approximately the same outboard
distance as one of the upper blade outboard endsZhown in Figure 3. Also, Figures 2 and 3
illustrate that tip 29 extends forwardly more thgper blade 17. The junction of inboard side 27
with wedge surface 31 is approximately in vertadajnment with the junction of upper shear blade
upper edge 19 and outboard end 24. Wedge surigoa3 inboard side 27 approximately the same
distance from upper ram block forward end 15 asgliftance from forward end 15 to the upper edge

19 of upper blade face 23 at outboard end 24.



[0010] Pipe guide arms 25 may be located on the outboard sides of upper ram block forward end 15.
Each arm 25 could be formed integrally with upper ram block 13, but they could be otherwise attached,
such as by welding or fasteners. Each arm 25 has a vertically oriented inboard side 27 and a forward
end or tip 29. A wedge surface 31 extends from a forward part of inboard side 27 to tip 29. Each
inboard side 27 is parallel with the longitudinal axis Ax of shear rams 11 in this example. Wedge
surface 31 may be a flat vertical surface, as shown, that is at an acute angle relative to longitudinal
axis Ax. In this embodiment, Wedgiaeqlsurface 31 is at an ar(lj%le of about 30 cslsgg{ées relative to

longitudiF ot E A" AR ArHRAS AL QR RS Pod IR B P EUA BASSUMAKN RS Gide K 25
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side 33 is spaced at a lower elevation on upper ram block forward end 15 than upper blade lower. edge
1 Unpd sl iR ARBRT RS A ARG GBEPBAdE D7 Fr SN IE BECIUSM ST Lo 27
of each arm 25 is approximately the same outboardlgistance as one of the upper blade outboard ends
24, as s%&%ﬁ’%q: %%%@5@@%%@% m\’?ﬁ'ﬁ% 4te that tip 29 extends forwardly more than upper
blade 17. The junction of inboard side 27 with wedge surface 31 is approximately in vertical alignment

with the N@E@g’ﬁiabl‘&)@ﬂ SHERE HadeHBR Y SIS Kh O PRRIEE YA ¢ tipPEdeFSHIGRRE131 JRES

inboard side 27 approximately the same distance from upper ram block forward end 15 as the distance

from foryiasdisngyL BtaisheHPRRS 808adLAEURRAE PSR TAGBAR8H IMDIULARR A bJPBIERDS

guide arm 25 has an outboard side 35 that extends from a base 37, where arms 25 join upper ram

block 13¢4eniifi28n HEbOFBEISHRiace Y RE Gbﬁé'r%%etﬂmleﬁﬁ@ﬁwal%'%@!ﬁg 15 NS

embodiment, the acute angle is about 15 degrees relative to longitudinal axis. 29 has a smaller

height aRghyHHAMNANEGSE the 18RI BIY A SAOSPRAGBSCEIRR AbRRYRRS) RAGE!HIY MaRerhAgid

upper ram block 13. As previously explained, the at least one angled bolt 26 1s introduced Into the

angled bRIpRESROME BIAMARIIRR 5% IRHEEA D QIHeH SPES @é@r@&%ﬂ@o&ﬂi%@rﬂﬂg%@!t The

passage 28 extends downward through the forward end 15 of the upper ram block 13 and may have

an ang'%‘ﬁg]@@ FRIRPRIAIBS b NBHICBARIREMABABAMIGS R ShAUHEP SEOFARRIED BUH S or

degrees. The angled bolt passage 28 may be reduced once in diameter, forming a shoulder 36 on

which a feag@f tedpitfraniomaie aeies daitiRGaopHeSHyRIObIRP ARGIgE bolhRassaos 28

and into a angled blade bolt passage 38 formed in the rearward face of the upper blade 17, where the

blade angiffidelapiedootionasesay L9t termet ke RAlREROSASSASSP BIHR o MARste kRe Bigde

angled blade bolt passage 38 terminates within the upper blade 17 before reaching the forward face

23 of theawgrey blade hbheHas bedig@raithane atePESI LM PG HoeRMes Padamgiea

threaded inner profile of the angled bolt passages 28, 38. The size of the angled bolts 26 can vary

dependings@e Hist paeabi ceIahRHRNCRHAAAtHEaERIERIEbets RS R IAHGEhiTarha Y PRES Diasient/ to
the ram block 13 utilizing the angled bolts 26 and angled bolt passages 28, 38 at the upper surface of

the ram bigs&ranshien the upRRsdIRIe2E mESERGE vabicHBaR iR ieitRl és sBeYegord et foawaEhirge 23

of the upper blade. This results in a maximized surface area for the front face 23 of the upper shear

blade 17inwbighdrAaSipdes A dnsdensesssagesvel the vppasisheanbladdoltBe§daicsahuiertipglts
18 entering the forward face 23 of the upper blade 17 and two angled bolts 26 entering through the

upper susfagecafiiber Rt diastoRdARRIHAE the Wemeheiams, tatheniagttogpkianayen itis the ram

understood that various combinations of bolts 18 and angled bolts 26 may be used depending on the

applicatipnscrN® Wl pig asel e gRbidMR d-anihendiod pissafdieBolis dBhetuishbeddiifaasony aise

impact the number of bolts to be used. [0014] Figure 4 shows a lower side 39 of each arm 25. Lower

side 39 ip|sBrRWARSHGIB Hleéasidde anlawpperadsl vtktpnstsifedd dtiteIbrivieMelas Bivaee 41

may join an outboard edge of lower side 39 with outboard side 35. Beveled surface 41 is shown to be

in a planggpelinestieelativie tesudznrtahaximized surfaea for the front face 23 of the upper shear blade
17, which translates to increased strength of gpeeushear blade. The figures show four bolts 18

entering the forward face 23 of the upper bladadd two angled bolts 26 entering through the

upper surface of the ram block 13 to secure theeupfade to the ram block. However, it is



[0015] Referring still to Figure 4, and also to Figure 5, the lower side of upper ram block 13 has a
sheared pipe end recess 43. Recess 43 has a rear wall portion 45 that joins side wall portions 47. Wall
portions 45 and 47 are vertical walls positioned to receive the upper end of a well pipe after it has been
sheared. Rearward wall portion 45 is illustrated as being partially cylindrical and blends with side wall
portions 47, which are straight. Other shapes for shear pipe end recess 43 are feasible. Figure 4 also
illustrates a T-shaped connector slot 49 on the rearward end of upper ram block 13 for connecting to a
piston rodf‘b0016] Referring again to Figure 1, a lower ram block 51 is illustrated in horizontal
Elignme i WRFLESETRBIOER GamPBLP R IBLR EHaHRE] R i B8 AR S5RRatiNa S fhfard
end 15 of upper ram block 13. A top seal groove 55 in the upper side of lower ram block 51 receives
2 elast BT REURBP S5 ANF LRIR SO0V ERBS £ HEE RmoL 6 RAotts (o HRMLIRE LEIBE not
necessarily "circular") seal when ram $Iocks 3, 51 are in abutment with each other. Lower ram block
51 has a @ﬂéﬁepw@%ﬁp @é’&é% Gr e iving the lower end of well pipe after shearing. Sheared
pipe end recess 57 has a curved rear wall portion 59 that blends with two straight side wall portions

61. Othefgpnapew,are Jeawhie 49l b soRNOAdHRNt EA RIS ISSRBH R bt MgHINSAdMbE

pressure assisted in closing. The seals 9 and 56 in the semi-circular grooves 9 and 55 enable this

pressu r@pﬁ;ﬁfﬁa’%&%ﬁﬂﬂw%ﬁﬁ%ﬂ?% hiagiesio A B&&M%WE%@@IH%W&D%%EQQ&E SRIoweh

the RA K from the back side to the front side would create a path for pressure to leak by seals 9
and 56 uglessgnaAditianghzealiuess, PEjdRA GRS BRteRehd MDEARS bR BAgGERRIt
passage 28 to secure the blade lies completely on the interior bore side of the seal 9, 56 so that there
is no chapse fpftRressure to leak by and diminish the pressure-assist element. Further, since the angle
bolt passage 28 is forward of seal groove 16 and seal 9, it is not necessary to seal around each bolt
passage. The passage 28, as previously explained, does not cross the seal grooves 16 and 55 but is
instead |{eGitejdRerelyg stil eqoFepserd zame alealtdFigusetie ®ard Bbe dbwmparrramdnicaket Bdtasea
embodiment, the passage 28 may bypass the seals 9 and 56. [0018] A lower blade 63 attaches to
forward shd&8aplpe/enchradesski 3.1 Reness Hadws 3attpoditowds dlavation side walbeobiade 47, as
illustrated in Figure 2. It is understood that lower shearing blade 63 may attach to forward end 53 of
lower raWblbptréana 45samila¥Aveg vetheal destsipesiddnche cppe tisheapaydiddd A Wwahgipethitsr it
similarly described in Figure 3A. Thus lower blade 63 may also have angled bolt passages 62 formed
on the loas beefasbesirete |Rearwand laltipsias 4hdsuitiedriglreidy pAnlgally opkindrigi cihdblends
introduced into the angled bolt passage 62. The angled bolt passage 62 extends downward through
the forwavdheside@alf ploetionget fanhisib ckesdtrargh gt slzapearicisileararige eokhtReess tidagieasithat
is approximately between about 15 degrees to about 45 degrees. The angled bolt 64 continues
through tHaginglédlsolilstsdes H2-ahapacocarrsieisladdHsole pavaabensiofoippedramirockald fod
face of the lower blade 63, where the blade angled blade bolt passage registers with the angled bolt
passageamiiestiagnidi@¢hstan Tk angled blade bolt passage 66 terminates within the lower blade 63
before reaching a forward face 69 of the lower blade 63. Lower blade 63 slides under upper blade 17

when shearing. An upper edge 65 of lower blade 63 is at a slightly lower eleyation than lower edge 21
of upper VA TP PTG AT B RN L L oRK PR Le4dN Dour RSB A 3
than the upper edge 65. The face 69 extend ween lower e 67 .and upper edge 65 and js thus
imcins MRS 0k A LN AP Br 55 AR e e Pl BF 0 B S e
69 is the same as th(? irkcli%ation of Ué%)(?r blade fgﬁe 23. Lowe ble*cif%face 69 also recesses to a
central aYERTHARIE QOSEr 13 10WEPBBER BIANGD RRSS R ER ALURNEF SRR A oHid R BERdR3,
as shown in Figures 1 a fgl 3. The length .(ﬁlOWEI‘ blade i% from one.outboagd end 70 to the ?mer is
the sam& &S %'ﬁg?tﬁaz? Gy Bl W SHROALBYRERTE End YRGS Saody that the seallis not

necessarily “circular") seal when ram blocks 13a84 in abutment with each other. Lower ram
block 51 has a sheared pipe end recess 57 foviegéehe lower end of well pipe after shearing.
Sheared pipe end recess 57 has a curved rearaxi@dirp59 that blends with two straight side walll

portions 61. Other shapes are feasible.



[0019] Referring to Figure 4, which shows the bottom of lower block 51, a recess 71 is located on
lower shear block 51 along each outboard side outward and rearward from lower blade outboard ends
70. Each recess 71 comprises a space or clearance provided along an outboard side to receive one of
the arms 25 when ram blocks 13,51 are closed. Each recess 71 is defined by an upper side wall 72
and an inboard side wall 74, side walls 72 and 74 being flat and perpendicular in this example. Each
recess 71 is aligned with one of the arms 25 to receive the arm when in the closed or sheared position.
Each recess 71 has a greater longitudinal length than the length of each arm 25. Also, upper side wall
72 has al§PeatdP ks ARCLRER a A BlAgKY b Barkad W%Fﬁe&@ﬁ%ﬁﬁgﬂﬁf‘tﬂgﬂ‘?ﬁ@ﬂeight

of each arm 25 from its lower side 39 to, its upper side 33 (Fi . Recess 71 is not a closed cavity as
s 1o IRSGAS SR A B S G L SRR 5 e KRS RSB BSTRI SEF GG IS

d ide 33 (Fig. 2) of 5. There is no interf between inboard side 27 of arm 25 and
bostd SERAVRIT R GBI S5 SRt DRI CA U BB B0 WPk el O,
but tical . would ted on | lock 51 It,[0020] A vertical. cent
point of SA0TEa 5 e U BATERER B S P RUER arlor e AT 63 SRR TN o
the closed or sheared position, lower blade 63 will slide b the ¢ 25 as th
ocmsses Lo R BBBAH SAREHG OF ke bl AR LR SR S R RIRLE 7
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passage BRIV Aniliba TS i HAEAC A0 RHE SRR tRE SRbioc DR BN ngs
countertB e LS S TORHER HORS ARG Do SEeL I et B e e o Eshlo
e A T PR S g e
rearwarotl)face. The boItI g%sgrq%%%?o are formed parallel to axis Ax and form a counterbore at the

forward a)éoeaﬁto tﬁg%pper shéaring blade 17. Each of the plurality of bolts 18 continue into bolt

passages 22 (Figures 2 and 3) formed on the forward end 15 of the upper ram block 13, and register

with the [ SpASBIRS BRGE 618 ARRHSNBIERUAPERHLT3 bhRiaeiHILBITAY havrepblgadedexigrior

profile to correspond with a threaded inner profile that may be formed in the bolt passages 20, 22. The

bolts 18 gyieriekik@darmardisser biefethe urnnlu St - anaehlols o & makiRavél eHeAThG

upper surface of the ram block 13 to secure the upper blade to the ram block. [0022] Figure 6 shows

blind shaaadanes daipatellertv/itinadatos SoPR{AR IBHEUS PIAVE HhiRFSeAYRLY tH1QIBLeYeed for

preventer assembly has a blowout preventer ("BOP") stack 81 that includes
the upper shearing blade 17 and is thus simila$gdbed in Figure 3A. Thus lower blade 63 may

also have angled bolt passages 62 formed on thex kawface of the lower ram block 51 as shown in

Figure 3. At least one angled bolt 64 is introdliceo the angled bolt passage 62. The angled bolt
passage 62 extends downward through the forwar&&nodithe lower ram block 51 and may have

an angle range relative to the axis Ax that is appnately between about 15 degrees to about 45
degrees. The angled bolt 64 continues througlanigéed bolt passage 62 and into a angled blade
bolt passage 66 formed in the rearward face dbther blade 63, where the blade angled blade bolt
passage registers with the angled bolt passadeeaarh block 51. The angled blade bolt passage 66

terminates within the lower blade 63 before reaghiforward face 69 of the lower blade 63. Lower



a frame with a wellhead connector 85 at the lower end for connecting to a subsea wellhead assembly
(not shown). Blind shear rams 11 are normally located above pipe rams, which in this example
includes pipe rams 91, 93, and 95. Each pipe ram 91, 93 and 95 has rams with semi-cylindrical
recesses on the mating faces for closing around a different size range of pipe. When closed, blind
shear rams 1 lwill seal off the bore and if pipe is present, will shear the pipe. [0023] A lower marine
riser package (LMRP) 94 connects to the upper end of BOP stack 81. An annular BOP 95 may be
located at the Iowergend of LMRP 94. Annular BOP 95 will close around any size ogﬂggﬂand seal the

annulus BaYe8R N aRH YRESS plAga It 61 Hne B SRE HNRRSE 610807 M ARWEL I92RA P
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retrievable fr Tpom LMRP9 and re conn tedt Ff%%hc %notshown Iea o the drllllnrg \{easel
at the sulfde FIGOR'Ri 8H88 FORSIAN R m%f&%@s i Ay 3BKE T U%WHS%HE?F’E ade
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and modlfl%gtlon(? mnav, % c%13|d[%red obvious and desirable by those skilled in the art based upon a

review ofthe oregomg escrlptlon Xl preferred embodiments. Accordingly, it is appropriate that the
appended claims be construed broadly and in a manner consistent with the scope of the invention.

[0019] Referring to Figure 4, which shows the bottom e¥do block 51, a recess 71 is located on
lower shear block 51 along each outboard side adtarad rearward from lower blade outboard ends
70. Eachrecess 71 comprises a space or clegrangded along an outboard side to receive one of
the arms 25 when ram blocks 13, 51 are closedh Emess 71 is defined by an upper side wall 72
and an inboard side wall 74, side walls 72 andéiddflat and perpendicular in this example. Each
recess 71 is aligned with one of the arms 25 teivecthe arm when in the closed or sheared
position. Each recess 71 has a greater longitutiingth than the length of each arm 25. Also,
upper side wall 72 has a greater width than eath24r, and inboard side wall 74 has a greater
height than the height of each arm 25 from its loswee 39 to its upper side 33 (Fig. 2). Recess 71
is not a closed cavity as it has no outboard sidk av bottom side wall. There is no interference
between upper side wall 72 and upper side 33 &igf arm 25. There is no interference between
inboard side 27 of arm 25 and inboard side wall &A4n upper side 33 could optionally slidingly
engage recess upper side wall 74, but no verticad$ would be created on lower ram block 51 as a

result.



What is claimed is: 1. An apparatus for shearing pipe within a blowout preventer (BOP), comprising: a
shear ram block having a forward end and a longitudinal axis; a blade having a forward face; a
rearward face opposite of the forward face, the rearward face in abutment with the forward end of the
shear ram block; a plurality of face bolt passages extending through the blade and into the forward end
of the shear ram block, each of the bolt passages being parallel to the longitudinal axis;

[0020] A vertical center point of each arm 25 is approxhethe same as a vertical center of lower
blade 63. When moving to the closed or sheareitigodower blade 63 will slide between the two
arms 25 as the arms enter recesses 71. The outiads @0 of lower blade 63 will be closely spaced
from the inboard sides 27 of arms 25 as the artes egcesses 71. A T-shaped connector slot 76 for

connection to a piston rod is located on the reathwad of lower block 51.

[0021] During manufacturing, the angled bolt passags & med by boring through the upper ram
block 13 starting at the upper surface and thrahgtiorward end 15. Angled blade bolt passage 38
is formed by boring through the rearward face efupper blade 17 such that the blade angled blade
bolt passage registers with the angled bolt passag®e ram block 13 when mated. Threads may be
formed in the angled blade bolt passage 38 todimmgly engage the angled bolt 26, which may have
a threaded exterior profile. A counterbore maydomed in the angled bolt passage 28 in the ram
block 13 that corresponds to a head of the angl#@b. Additional angled bolts and passages may
be formed. Further, bolt passages 20 are formdabligig from the forward face 23 of the upper
shearing blade 17 to a rearward face. The bo#tguges 20 are formed parallel to axis Ax and form a
counterbore at the forward face 23 of the uppearshg blade 17. Each of the plurality of bolts 18
continue into bolt passages 22 (Figures 2 andr®)édd on the forward end 15 of the upper ram
block 13, and register with the bolt passages tBetipper shearing blade 17. The bolts 18 may
have a threaded exterior profile to correspond witfreaded inner profile that may be formed in the
bolt passages 20, 22. The bolts 18 entering thnesfal face 23 of the upper blade 17 and angled bolt

26 entering through the upper surface of the rarokl 3 to secure the upper blade to the ram block.

[0022] Figure 6 shows blind shear rams 11 installed withitypical subsea blowout preventer

assembly. The blowout preventer assembly hasnobiiopreventer (“BOP”) stack 81 that includes
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a face bolt located in each face bolt passages and securing the blade to the shear ram block; at least
one inclined bolt passage extending from an upper surface of the shear ram block downward and
inward, out the forward end of the shear ram block and into the blade; and an inclined bolt located in
the inclined bolt passage to secure the blade to the shear ram block. 2. The apparatus of claim 1,
wherein the inclined bolt passage is oriented such that a vertical plane passing thru the inclined bolt
passage is parallel to the longitudinal axis. 3. The apparatus of claim 1, wherein the face bolt passage
is oriented_such that a ver%%%lﬁflane assi gthru the face bolt passage |S§arallel to he longitudipal

axis. 4. MHERGHRALSH! 61 A UIDRABBRE R ORGH Bﬁ%&"ﬁ{ e RN BYIt

assa
P g€ (not shown). Blind shear rams 11 are normally ledatbove pipe rams, which in this example
includes pipe rams 91, 93, and 95. Each pipe ran®3 and 95 has rams with semi-cylindrical
recesses on the mating faces for closing arounffieaetht size range of pipe. When closed, blind

shear rams 11will seal off the bore and if pipprissent, will shear the pipe.

[0023] A lower marine riser package (LMRP) 94 connectth®upper end of BOP stack 81. An
annular BOP 95 may be located at the lower edViiRP 94. Annular BOP 95 will close around
any size of pipe and seal the annulus betweenipleegnd the side wall of the bore. Annular BOP
95 will also seal fully even if a pipe is not preseA flex joint 97 is located at the upper end of
LMRP 94 to allow flexing of a lower end of a risgring 99 connected to flex joint 97. Choke and
kill lines 101 extend from below annular blowoueyenter 95 to alongside riser 99 for pumping
fluid into the well. In the event of an emergendylRP 94 and riser 99 can be detached from BOP
stack 81. Redundant control pods 103 mount to LMRRnd contain hydraulic and electrical
circuitry for controlling movement of the variousmms 11, 81, 91 and 93 annular BOP 95 and other
equipment. Control pods 103 are retrievable ftdMRP 94 and are connected to an umbilical (not

shown) leading to the drilling vessel at the swafac

[0024] It is understood that the present invention maye takany forms and embodiments.
Accordingly, several variations may be made inftegoing without departing from the spirit or
scope of the invention. Having thus describedpttesent invention by reference to certain of its
preferred embodiments, it is noted that the embedisdisclosed are illustrative rather than lingitin

in nature and that a wide range of variations, fications, changes, and substitutions are
contemplated in the foregoing disclosure and, imesanstances, some features of the present
invention may be employed without a correspondswgaf the other features. Many such variations

and modifications may be considered obvious annlatds by those skilled in the art based upon a

11



5. The apparatus of claim 1, wherein a semi-circular seal groove is formed on the upper surface of the
shear ram block and an entrance to the inclined bolt passage is between the seal groove and shear
ram block. 6. The apparatus of claim 1, wherein two of the inclined bolt passages are each on
opposite sides of longitudinal axis. 7. The apparatus of claim 1, wherein inclined bolt passage has a
forward lower end located within the blade. 8. An shear ram assembly for a BOP, comprising: upper
and lower shear ram blocks each having a forward end and a longitudinal axis; an upper blade having
a forward face; ) L _ . . :

review of the foregoing description of preferredomaiments. Accordingly, it is appropriate that the

appended claims be construed broadly and in a maonsistent with the scope of the invention.
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a lower blade having a forward face; at least one rearward face opposite of at least one of the forward
faces, the rearward face in abutment with the forward end of the upper and lower shear ram blocks; a
plurality of face bolt passages extending through at least one of the blades and into the forward end of
at least one of the shear ram blocks, each of the bolt passages being parallel to the longitudinal axis; a
face bolt located in each face bolt passages and securing at least one of the blades to at least one of
the shear ram blocks; at least one inclined bolt passage extending from an upper surface of the upper
shear ram block downward and inward, out the forward end of the upper shear ram block and into the
upper bladeatisccmneclireed bolt located in the inclined bolt passage to secure the upper blade to the

upper shear ram block.
1. An apparatus for shearing pipe within a blowouwprger (BOP), comprising:

a shear ram block having a forward end and a lodgial axis;
a blade having a forward face;

a rearward face opposite of the forward face,¢heward face in abutment with the forward

end of the shear ram block;

a plurality of face bolt passages extending thrabgtblade and into the forward end of the

shear ram block, each of the bolt passages benafjgldo the longitudinal axis;
a face bolt located in each face bolt passagesenuting the blade to the shear ram block;

at least one inclined bolt passage extending frompper surface of the shear ram block

downward and inward, out the forward end of thaasham block and into the blade; and

an inclined bolt located in the inclined bolt pags#o secure the blade to the shear ram
block.

2. The apparatus of claim 1, wherein the inclined paksage is oriented such that a vertical

plane passing thru the inclined bolt passage illeato the longitudinal axis.

3. The apparatus of claim 1, wherein the face bokage is oriented such that a vertical plane

passing thru the face bolt passage is paralléddangitudinal axis.

4. The apparatus of claim 1, wherein a counterboreshodlder are formed in the inclined bolt
passage.
5. The apparatus of claim 1, wherein a semi-circigat groove is formed on the upper surface

of the shear ram block and an entrance to theniedIbolt passage is between the seal groove and

shear ram block.
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9. The assembly of claim 1 further comprising: at least one inclined bolt passage extending from a
lower surface of the lower shear ram block upward and inward, out the forward end of the lower shear
ram block and into the lower blade; and an inclined bolt located in the inclined bolt passage to
secure the lower blade to the lower shear ram block. 10. The apparatus of claim 8, wherein the
inclined bolt passage is oriented such that a vertical plane passing thru the inclined bolt passage is
parallel to the longitudinal axis. 11. The apparatus of claim 8, wherein the face bolt passage is
oriented such that a vertical plane passing thru the face bolt passage is parallel to the longitudinal axis.

6. The apparatus of claim 1, wherein two of the iradirbolt passages are each on opposite

sides of longitudinal axis.

7. The apparatus of claim 1, wherein inclined boltspa® has a forward lower end located
within the blade.

8. An shear ram assembly for a BOP, comprising:
upper and lower shear ram blocks each having aafarwnd and a longitudinal axis;
an upper blade having a forward face;
a lower blade having a forward face;

at least one rearward face opposite of at leasbbtiee forward faces, the rearward face in

abutment with the forward end of the upper and fosteear ram blocks;

a plurality of face bolt passages extending throaigleast one of the blades and into the
forward end of at least one of the shear ram blagksh of the bolt passages being parallel to

the longitudinal axis;

aface bolt located in each face bolt passagesending at least one of the blades to at least

one of the shear ram blocks;

at least one inclined bolt passage extending frompper surface of the upper shear ram
block downward and inward, out the forward endhef@ipper shear ram block and into the

upper blade; and

an inclined bolt located in the inclined bolt pags#o secure the upper blade to the upper

shear ram block.

9. The assembly of claim 1 further comprising:

at least one inclined bolt passage extending frimwer surface of the lower shear ram block

upward and inward, out the forward end of the logrexar ram block and into the lower blade; and

14



12. The apparatus of claim 8, wherein a counterbore and shoulder are formed in the inclined bolt
passage. 13. The apparatus of claim 8, wherein a semi-circular seal groove is formed on the upper
surface of the shear ram block and an entrance to the inclined bolt passage is between the seal
groove and shear ram block. 14. The apparatus of claim 8, wherein two of the inclined bolt passages
are each on opposite sides of longitudinal axis. 15. The apparatus of claim 8, wherein the inclined bolt
passage has a forward lower end located within the upper blade. 16. A method for attaching a shear
blade to a ram block mounte%io a blowout p_rev_ent%rq%BOP , the method com rising:deborin a first

passage from H'UPPEISLIRALEOSRAIRE 1R ANBIBEKRG & §SUFRtRerOEERIade to the lower

shear ram block.

10. The apparatus of claim 8, wherein the inclined paksage is oriented such that a vertical

plane passing thru the inclined bolt passage illeato the longitudinal axis.

11. The apparatus of claim 8, wherein the face bols@ge is oriented such that a vertical plane

passing thru the face bolt passage is parallélddangitudinal axis.

12.  The apparatus of claim 8, wherein a counterboreshodlder are formed in the inclined bolt

passage.

13. The apparatus of claim 8, wherein a semi-circudaf groove is formed on the upper surface
of the shear ram block and an entrance to theniedIbolt passage is between the seal groove and

shear ram block.

14.  The apparatus of claim 8, wherein two of the iredirbolt passages are each on opposite

sides of longitudinal axis.

15.  The apparatus of claim 8, wherein the inclined patisage has a forward lower end located

within the upper blade.

16. A method for attaching a shear blade to a ram beainted to a blowout preventer (BOP),

the method comprising:

boring a first passage from an upper surface ofaheblock to a forward end of the ram
block;

boring a second passage in a rearward face ohtree blade, wherein the second passage

registers with the first passage at an interfan@éal by the forward end of the ram block and the
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boring a second passage in a rearward face of the shear blade, wherein the second passage registers
with the first passage at an interface formed by the forward end of the ram block and the rearward face
of the shear blade; and attaching the shear blade to the ram block with a bolt that engages the first
passage and second passage. 17. The method of claim 16, wherein the first and second passages
are bored at an angle relative to a horizontal axis, the angle being approximately in a range between
about 15 degrees to about 45 degrees. 18. The method of claim 16, wherein the second passage
terminates within the shear blade. 19. The method of claim 16, wherein a front bolt connects the shear

blade to theFHYHf: I@%@?F@ﬁt%%ﬁ@ﬁﬁg‘a&%rward face of the shear blade and into the ram block

via a passage th xten throu she blade and reqi wijth a passage in the ram block

wherein said boa} %0‘ rb%ﬂ%%&@s raﬁgl?ﬁ)e r%'&.@“’r? ‘%ﬁ?ia% a €ng gesat% Prst passage and
second passage.

17.  The method of claim 16, wherein the first and sequassages are bored at an angle relative
to a horizontal axis, the angle being approximatelyrange between about 15 degrees to about 45

degrees.
18. The method of claim 16, wherein the second passagenates within the shear blade.

19. The method of claim 16, wherein a front bolt cortad¢lse shear blade to the ram block, the
front bolt entering a forward face of the sheadbland into the ram block via a passage that extend
through the shear blade and registers with a passalge ram block, wherein said bolt and passages

are parallel to a horizontal axis.
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