PATENT APPLI CATI ON SUCTI ON PORT LOCK NUT W TH STUB BUTTRESS THREADS CRCSS
REFERENCE TO RELATED APPLI CATI ONS [0001] This application clains priority
to and t hwohkerndié2sof co-pending U. S. Provisional Appli @ariusrooSes877No.

61/ 138,776, filed Decenber 18th, 2008, the full disclosure of which is
hereby incorporated by reference herein. 1. Field of the Invention : [0002]
The present invention relates in general to reciprocating punps and, in
particular, to an inproved apparatus for a locking nut in a reciprocating
punp. 2. Description of Relat [ I il field operations,

reci procating punps are oftengﬂgﬁ%&F&ﬁggik¥9@98Lurposes. Some reci procating
punps, generally known as "service punps,"” typically punp service fluids
used for downhol e operations such as cenenting, acidizing, or fracing a
wel | . These service punps nmay typically operate for relatively short
periods of time, but on a frequent basis such as several tinmes a week.
Oten they are nounted to a truck or a skid for transport to various well
sites. [0004] The oil field reciprocating punps typically include a plunger
that reciprocates within a cylinder for punping fluid through a cylinder.
The cylinder generally includes a fluid inlet and a fluid outlet. An
opening in the punp provides access to an interior of the cylinder. The

openi ng is typi SUCHOMERPORT MOCK NUT WHISTUBBUTTRESSTHIREABS can be
removed fromthe cylinder. Summary of the Invention [0005] Disclosed herein
is reciprocating punpCROSEREFFRENGE TONRELAEEDARALGCATIONS/, a cyl i nder

[0001}]  This application claims priority to and the benefit of co-pending U.S. Provisional
Application Ser. No. 61/138,776, filed December 18", 2008, the full disclosure of which is

hereby incorporated by reference herein.
1. Field of the Invention:

[0002]  The present invention relates in general to reciprocating pumps and, in particular, to an

improved apparatus for a locking nut in a reciprocating pump.
2. Description of Related Art

[0003] Inoil field operations, reciprocating pumps are often used for various purposes. Some
reciprocating pumps, generally known as "service pumps," typically pump service fluids used for
downhole operations such as cementing, acidizing, or fracing a well. These service pumps may
typically operate for relatively short periods of time, but on a frequent basis such as several times

a week. Often they are mounted to a truck or a skid for transport to various well sites.

[0004]  The oil field reciprocating pumps typically include a plunger that reciprocates within a
cylinder for pumping fluid through a cylinder. The cylinder generally includes a fluid inletand a
fluid outlet. An opening in the pump provides access to an interior of the cylinder. The opening

is typically sealed with a threaded suction cover that can be removed from the cylinder.



chanber in the bl ock body, a plunger reciprocatingly disposed in the bl ock
body, an opening in the bl ock body adjacent the cylinder chanber, threads
formed i rwOhleloases2zsng, a cover plate in the opening, aneca/usheoeaesds surface
on the outer periphery of the cover plate engaging the threads forned

wi thin the opening and projecting within the bl ock body past the threads on
t he opening. The threaded surface on the cover plate nmay include at | east

t wo unloaﬁed thrqﬁﬁs t ha ﬁlgroject within the block body past the threads in
the openi MY ™#he’hAf BY§RYS urfaces on the cover plate can have a |ength of

| oaded threads that engage the threads in the opening, and a | ength of

unl oaded (obosjavisciéseaherdings Reiproshtingi pdmphesebibbakathatiiepablock brlyf Heytiags i n t he
opening and the length of |oaded threads is greater that the length of the

unl oaded ¢HamBads the iRkbBaLagrsls é@é&;ﬁgﬁn@@yﬂﬁﬁos@&fnﬁtﬁe R6EK BAerM ofniddig cover
pl ate can include threads haV|ng a root portion with a curved profile. The
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angl e of about 45 mnth rewgect to the angle of the cover plate axis [0006]

Al so descVithiadheiock bpdepgstBe By ndRrmpeas e it Yrepdrdsuiisnes @H@% CVeERipender

bl ock, cylinder chanbers formed in the block, a plunger rechgrocatlngly
di sposed’ ¢4 haxe A lengfls @fdle%deéﬁbrﬁ%rthat@ngagglﬂwhc@péwnrfg% opgningnantpi fwkthaal an end

of each chanber, a thread forned in the openings, and
unloaded threads that project within the block body past the threads in the opening and the length

of loaded threads is greater that the length of the unloaded threads. The threaded surface on the
outer periphery of the cover plate can include threads having a root portion with a curved profile.
The threaded surface on the outer periphery of the cover plate may have British Butt threads.
The threaded surface on the outer periphery of the cover plate can include threads having a thread
depth that is from about 60% to about 70% of the thread pitch. The threaded surface on the outer
periphery of th¢ cover plate can include threads having a truncated crest. At least some of the
unloaded threads can be substantially identical to the loaded threads. The threaded surface onthe -
outer periphery of the cover plate may include threads having a rear flank disposed along a path

oriented at an angle of about 45° with respect to the angle of the cover plate axis.

[0006] Also described is a reciprocating pump assembly that includes a cylinder block, cylinder
chambers formed in the block, a plunger reciprocatingly disposed in each cylinder chamber,
circular openings in the block at an end of each chamber, a thread formed in the openings, and
cover plates, Where each cover plate has a thread formed on its outer circumference, at least a

portion of the length of the thread being fully formed and at a maximum depth, the cover plates



cover plates. Wiere each cover plate has a thread fornmed on its outer
circunference, at least a portion of the length of the thread being fully
formed amsoaniosnezi num depth, the cover platescoaxi al | yCtaispéoosesns o each
opening so that the maxi num depth portion of each cover plate thread
engages the portion of each thread in the openings proxi mate the ends of
each chanber. Part of the nmaxi num depth portion of each cover plate thread
can be out of engagenent th and further i.nward fromthe thread in the
openi ng. {B¥18Y C%W?eé’rf“@ﬁ@f; RREPIng 76 JRAt ﬁlberff];“X“ﬁu‘ﬂd%ﬁ"hd’é)&é??b‘rffag&C‘H’é”sl—}‘?ﬁebed
havi ng, a_bl ock body, a cylinder chanmber in the bl ock body, a plunger

reci pr ocafssg P%aa?%g%mon of epsiicthispd Bchperspingaproing theends of ersh shasrber-body
adj acent .the cylinder chanber, threads forned in the opening, a cover plate
in the opBaieighe maximyms deptt patiet efcechoyverptatibread capde ppitod prgagimantisiticander

pl ate engagi ng the threads forned within the opening and having at | east

t wo unl oafietertihwvad donpthe flecdiimthe wpermgn t he bl ock body past the threads on
the opening, and a |l ength of |oaded threads that exceeds the | ength of the
unl oaded threads. Brief Description of the Drawings: [0008] Figure 1 is a
si de per s[#881]i lnenviptivna fermbodigmnp rauatp asgerghiys descrited dadiap.ce bleck hodshe
present disclosure. [0009] Figure 2 is a side partial sectional view of the
punp of Feyiuta chambf0d Ml tloclibbéy, 3 plimganreciploasigely dipdeedde chid odk body,ev of a
portion of the valve stop assenbly of Figure 2. [0011] Figure 4 is a side
sect i onal opehRiiPthe BlotiebatlyAjceitthe OflindEi@hatabey @hrBAd3 Hora8 BIthE dpeiingfd @usre 3.

plate in the opening, a threaded surface on the outer periphery of the cover plate engaging the
threads formed within the opening and having at least two unloaded threads projecting within the
block body past the threads on the opening, and a length of loaded threads that exceeds the length

of the unloaded threads.

Brief Description of the Drawings:

[0008]  Figure 1 is a side perspective view of a reciprocating pump in accordance with the
present disclosure,

[0009]  Figure 2 is a side partial sectional view of the pump of Figure 1.

[0010]  Figure 3 is an enlarged side sectional view of a portion of the valve stop assembly of

Figure 2,

[0011]  Figure 4 is a side sectional view of a retainer nut of the valve stop assembly of Figure

3.

[0012]  Figure 5 is an enlarged sectional view of a threaded portion of the retainer nut.



[0012] Figure 5 is an enlarged sectional view of a threaded portion of the
retainer nut.Detail ed Description of the Invention: [0013] The apparatus
and net hosoabiordses2pr esent di scl osure will now be descri Ipet/useeoe/068773 y
hereinafter with reference to the acconpanyi ng draw ngs in which

enbodi mnents are shown. This subject of the present disclosure may, however,
be enbodied in many different fornms and should not be construed as |limted
to the illustrated enbodi ments set forth herein; rather, these enbodi nents
are provided so that this disclosure will be thorough and conplete, and
will fully convey the scope of the invention to those skilled in the art.

Li ke numbge@iEb&eripfod bk@e BhRIRME:S throughout. For the convenience in
referring to the acconpanying figures, directional ternms are used for

reference and illustration only. For exanple, the directional terns such as
"upper", [0&%er ‘Theappasaies'and msgiod wf the areeent disclpsureavidimewibe idpigribesapore Silly
illustrate a relational location. [0014] It is to be understood that the
subj ect oher¢ihaftepwih exfitrerde scthosgpmpanying dtawiigyin vddch emboincats agishayer ditlss  of
construction, operation, exact materials, or enbodi ments shown and

descr i bedsubjst ofidh hréseatidisolosuramedy, dquewealve amboditd ih nhasy diffp@netmstand ghoeldski | | ed
inthe art. In the drawings and specification, there have been discl osed

i 11 ustr at hptepecrdreicdest smidd tohehe Sivart cdibedinnatsr €t &ith hatinheutigh specific
terms are enployed, they are used in a generic and descriptive sense only

and not f ghpddiBeRb4rPPRRIded sd thil thidHiseBsuré RANLKR] thdholi@CinB cOaplkic GhdRUMIBS Senbl y
10 is illustrated in FIG 1 in a side perspective view. The assenbly 10

i ncl udes @orﬁgynﬁ)le §(%§% %ﬂﬂe ﬂu@T{%HRJ tR6ke bR1A hlnd 8. EWeinDSBErs ROEd Bk clehnen®d

crankshaft housi ng I's shown covering the punp section 12 and shi el di ng

Its COrrpogqg@utgﬁom.AF&ltféﬂ%ﬁenﬁé’ncmﬁ&gq@g Ele %CSO]@@%{?’E%E%U}GE dEAMaRERsBR | NT

froma si crank ousi ng to t

used for reference and illustration only. For example, the directional terms such as "upper”,

"lower", "above", "below”, and the like are being used to illustrate a relational location.

[0014] Tt is to be understood that the subject of the present disclosure is not limited to the
exact details of construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. In the drawings and
specification, there have been disclosed illustrative embodiments of the subject disclosure and,
although specific terms are employed, they are used in a generic and descriptive sense only and

not for the purpose of limitation.

[0015] A reciprocating pump assembly 10 is illustrated in FIG. 1 in a side perspective view.
The assembly 10 includes a pump section 12 coupled to a fluid cylinder portion 11. A crankshaft
housing 13 is shown covering the pump section 12 and shielding its components. A plunger or
plunger rod 16 assembly is shown projecting from a side of crankshaft housing 13 to the cylinder
section 11. Stay rods 15 adjacent the rod assembly 16 anchor the cylinder section 1"1 to the pump
section 10. The cylinder section 11 includes a cylinder block 17 having multiple cylinder

chambers 39 (shown in dashed outline). Each cylinder chamber 39 is shown herein in alternating



section 11. Stay rods 15 adjacent the rod assenbly 16 anchor the cylinder
section 11to the punp section 10. The cylinder section 11 includes a

cyl i nder Wwbaeolo/BI62havi ng nul ti pl e cylinder chanbers 39 @shasromnegiashed
outline). Each cylinder chanber 39 is shown herein in alternatingfluid
communication with a fluid inlet 19 and a fluid outlet 2 1. Each cylinder
chanber 39 end is capped with a suction cover plate 22. An opening 18 is
formed in_the cylinder block 17 configured to receive cover plate 22. The
punp ass et pompurggion séthpaflugidnigolfrnd @ flpid ogtiet 2 Bash oy HH‘FY Gambyeeedisd
between operational sites, or to a skid such as for offshore operations.

[ 0016] Refappadi Wih @owctian @ve plate Bn AR plieg bf is feemplimpthassbndst ploth 17 s
illustrated in a side sectional view, In this exanple, a plunger 35 is
shown r eciéopfigoed iomefeivedicapopie® 28 Thd pungresseofblt Hecag yasilpbemogtiaitbe trailéd9.

Al t hough a single plunger 35 is illustrated, each cylinder chanber 39 may

i ncl ude athaakin 8spordbageal eprgsiona SitesEaab a gyl suwtier fehdiiee opPatasg pl unger 35
conprise what nay be referred to as a plunger throw, thus the punp assenbly

10 of FI co rlses t hr p hroms Pu S nbodlnents
exi ot havioRlFlor f"“ﬁ“i*%ﬂ’r?“f o i g o ety U lskedBasheas. pur
assenbl i es haV|n four nore plunger throws. [0017]. A rotatable

cr ankshaf fectioga] \gevss HOWHS wafnﬁieﬂa PIH%"& ni Rasprreci procasingly disposad it ongiof the p o
described in nore detail below, reciprocates the plunger 35 within the
cylinder efiadsehangsraiedltheughs singlepiuseer 3Fid lestratod shelf avlindsr shagbeddsnas mai n
shaft 30 that connects to and is rotated by a notor (not shown). In one
enbodi neninglude 4 topebmatlingebmg@Si agh dylisder aheatben®T dnamileogkt 36 @opniecwhatg t o
the crankshaft 25. Teeth on the flywheel gear 24 mesh with teeth on a drive
gear 26, maagdbd leérddityes gplange? Giros, thtd te bedp bgetnbly 100 FIG. Peanaizks thiea 28
attaches to the main shaft 30, shown offset fromand substantially parall el
to the axplsngdxth@fws Pampraaseleshefotentdinfts@kisrgaingdther than three plunger throws

(i.e. a triplex), such as pump assemblies having four or more plunger throws.

[0017] A rotatable crankshaft 25 is shown within the crankshaft housing 13 and as will be
described in more detail below, reciprocates the plunger 35 within the cylinder chamber 39 when
it is rotated. The crankshaft 25 includes a main shaft 30 that connects fo and is rotated by a
motor (not shown). In one embodiment, a flywheel gear 24 is illustrated mechanically
connecting to the crankshaft 25. Teeth on the flywheel gear 24 mesh with teeth on a drive gear
26, and the drive gear 26 is attached to the motor. A crank pin 28 attaches to the main shaft 30,
shown offset from and substantially parallel to the axis Ax of the crankshaft 25. An elongated
connector rod 27 is depicted having an end anchored around the crank pin 28 with a bearing
surface therebetween enabling the crank pin 28 to rotate with respect to the connector rod 27. In
the embodiment of FIG. 2, the crank pin 28 is offset from the axis Ax of the crankshaft 25, so
when the crankshaft 25 rotates, the crank pin 28 orbits the axis Ax of the crankshaft 25. The
rotatable connection between the end of the connector rod 27 and crank pin 28 causeé the

connector rod 27 to reciprocate.



connector rod 27 is depicted having an end anchored around the crank pin 28
with a bearing surface therebetween enabling the crank pin 28 to rotate
wi t h respwot2otonsvdze connector rod 27. In the enbodi ment Pofi/USR@9/023773 he
crank pin 28 is offset fromthe axis Ax of the crankshaft 25, so when the
crankshaft 25 rotates, the crank pin 28 orbits the axis Ax of the
crankshaft 25, The rotatable connection between the end of the connector
rod 27 and crank pin 28 causes the connector rod 27 to reciprocate.[0018] A
cross headOHiln Fcrassthgedinig 3t siaches threserusctor g 27 10 ¢ gow hepddiontbemmdodthen t he
end of the connector rod 27 opposite where it attaches to the crank pin 28.
As shown ¢oangefas rog 27 topposite rirhetet ib pttaches ®7the graslypint 2t Aakshgwinior Figoas k| y
oriented; as the crankshaft 25 rotates, the connector rod 27 will be

obl i que tonhatirzaiit7as subJihgiafly berszohHylonxinted 3k thel chanlshaft BB rotadestbetoonectawd 27 t o
pivot with respect to the crosshead 29. The crosshead 29 is shown di sposed
w t hi n a fdel sdhbadtliguotiheriteathl CTies:sdse Achd ipi i atigwsthe cdimgstomed & dyvank pi n
28 orbits with crankshaft 25 rotation, the attached connector rod 27 pivots
and noveswliatgpat toythb afkshamt2d. oTHd crivdshdaid 12Ot hoROLdispdgedbaitii a hedidateat e t he
crosshead 29 wthin the crosshead housing 32. A plunger rod 33 is

i Il ustr at §ebnfeaRRRMHeEShABHYBENTHARAS f2mak BRD82PbiBREAhI MK 289 btarion, thehUS

when the crosshead 29 is reciprocated by the rotation of the crankshaft 25,

the pl Unagfo dind? od SOUPSOGAN Aty B8 oY Lkl ARADEAN3E o[ 0019]

An exanpl e of an i1nlet epl ct'e In e cyli ock 17
d t s flui ANV i t j . 39.
The i nl et oyarcsa Y il 28 ol e LSk Flac b 2. RPREL A3 IREREY,

chanber 39 to introduce fluid into the chanbe and as the plupnger 35
reci proc a%OQEeCB%‘i’cﬁeW“ﬁ‘i“of%F hcéoséyheﬁﬁ%granggtﬁe tpﬂué’g?rnéseﬁgva}”@%’ ﬁ;e lcé?st.s)]%%g uz?’o‘si sol ate
the c hanbr(aégiprocated by the rotation of the crankshaft 25, the plunger 35 is also reciprocated within the

cylinder chamber 39.

[0019]  Anexample of an inlet valve 41 is depicted within the cylinder block 17 and controls
* fluid from the fluid inlet 19 into the cylinder chamber 39. The inlet valve 41 can open as the
plunger 35 reciprocates out of the chamber 39 to introduce fluid into the chamber 39, and as the
plunger 35 reciprocates back into the chamber 39, the inlet valve 41 closes to isolate the chamber
39 from the fluid inlet 19. As plunger 35 moves longitudinally away from cylinder chamber 39,
the pressure of the fluid inside chamber 39 decreases creating a differential pressure across inlet
valve 41, which actuates valve 41 and allows the fluid to enter cylinder chamber 39 from fluid
inlet 19. The fluid being pumped enters cylinder chamber 39 as plunger 35 continues to move
longitudinally away from cylinder block 17 until the pressure difference between the fluid inside
chamber 39 and the fluid in fluid inlet 19 is small enough for inlet valve 41 to actuate to its

closed position.

[0820] Fluid in the chamber 39 pressurized by the inwardly reciprocating plunger 35 is

directed fo a fluid outlet 21 shown formed within the cylinder block 17 and adjacent the cylinder



39 fromthe fluid inlet 19. As plunger 35 noves |ongitudinally away from
cyl i nder chanber 39, the pressure of the fluid inside chanber 39 decreases
creati ng woanfofosp@nt i al pressure across inlet valve 41, pamiushooaossras es
valve 4 1 and allows the fluid to enter cylinder chanber 39 fromfluid
inlet 19. The fluid being punped enters cylinder chanber 39 as plunger 35
continues to nove longitudinally away fromcylinder block 17 until the
pressure difference between the fluid inside chamber 39 and the fluid in
fluid inldambe 3% Amaitlel sy bhispée shein Harxider bogkd 75t bpiveenttle flvid ¢l osed
position. [0020] Fluid in the chanber 39 pressurized bY the inwardly

reci pr oca®ytieh2 pindragentinds bjosk disehaegecd- tIhe uilet yplye 43 eonsrolsAluid &renihe fodned
within the cylinder block 17 and adj acent the cylinderchanber 39. An outl et
val ve 43 dwletPbto thaepinden bioble disyhiarged®l Bk plukger BSsegin dt weoen lankudinally d
outlet 2 1 and a cylinder block discharge 44. The outlet valve 43 controls
fluid frowwahe cilindedblotit | BtthZprasstu@ dnhire Byikdiindder oflzlybinder dbasdien B @ begdab. ioAs

pl unger 35 begins to nove longitudinally towards cylinder block 17, the
pressur e mBrehdeSnbilctrithubdis irdRagfuntiythé diderentd) prebfre a3thsh@giendlved bxeé®ase, and
continues to increase until the differential pressure across outlet valve

43 exceedg: goin€t wREH ME set\WBRP isldRBeca&d, R Jaﬁe%%&?%&g alléi eedifid Rlexital ve 43
opens to allowthe fluid to exit cylinder block 17 through fluid outlet 21.

In one e%h%%kl%ﬂfé&%gﬁiao&lﬂ}& :ﬁuwy&&k AfofRnL ABidSt S8y PlmPldUBQ8! oD,

t her ef or e “punp asse I's a single-acting reciprocating punp. Valves 4

1 d 43 i<ng- | '

diTerent ?"13%"0%?*3?%3? e QOB R B oL AR Fihyes

[ trat Nt yli | ock 17, ad] t. Lh ' I 22.
The sucti O Vary 8 g Geeb s b Bt EEE e M iRl

suction valve stop 53 and suction cover 55. The suction cover 55 is
gener al | y[oogl]i Nk kwéibn bdlve stop assembly 51 is illustrated in the cylinder block 17 adjacent the

suction cover plate 22. The suction valve stop assembly 51 comprises two primary components:
a suction valve stop 53 and suction cover 55. The suction cover 55 is generally cylindrical in

shape and is designed to be mounted sealingly in opening 18 in the cylinder block 17.

[6022]  Additional crank pins 28 may optionally be provided that are shown illustrated offset
from the crankshafi axis Ay and at different locations around the circumference of the crankshaft
25. This alternates when fluid is pumped from each cyiir;der chamber 39 within the cylinder
block 17. As is readily appreciable by those skilled in the art, alternating the cycles of pumping
fluid from each of cylinder chambers 39 helps minimize the primary, secondary, and tertiary (et

al.) forces associated with pump assembly 10.

[0023] Reférring now to FIG. 3, illustrated is an enlarged side sectional view of the suction
cover plate 22 coupled to the opening 18 within the cylinder block 17. The suction cover plate
22 includes threads 222 on its outer periphery shown mated with correspondingly formed threads
172 on the opening 18 circumference. As shown, the threads 222 extend the entire width of the

suction cover plate 22 and exceed the axial distance of the threads 172 of the opening 18.



shape and is designed to be nmounted sealingly in opening 18 in the cylinder
bl ock 17. [0022] Additional crank pins 28 may optionally be provided that
are showwpl2buwsso@sed of fset fromthe crankshaft axis ApCan$2@w/o8773 er ent

| ocations around the circunference of the crankshaft 25. This alternates
when fluid is punped from each cylinder chanber 39 wthin the cylinder
block 17. As is readily appreciable by those skilled in the art,

alternating the cycles of mpj ng, fluid fromeach_ of cylinder chanbers 39
hel ps mi n‘f‘gﬁo nglR EOpF P%?w&%?éﬁr&gﬂf&?%n BREOERRRF 47 30 pengee §‘fqa ¥ bggn
associated with pu assenbly 10. [0023] Referring nowto FIG 3,

i |1 ust r at @gopeing] 82%6&%11@%[1’6@:1 ¢he cylbuder mbenidsyertra tore agalest popn §ydice p| at e
22 coupled to the opening 18 within the cylinder block 17. The suction
cover pl at%kofXbke pavet piake 24 Whick transpite friom dover pdate dweade P bledhsopphiathreadsed wit h
correspondi ngly fornmed threads 172 on the opening 18 circunference. As
shown, t hE2t Hibe dusad222 thattde nok enpage ehetoperengthetads 162 wilheotseceivi/omnsddaadoadpl at e
22 and exceed the axial distance of the threads 172 of the opening

18. Accor dionig threado e, pad thuo are oéfeiréibtot Haretaatsunk2dedthrdaie2 Do VETe thleadse2222 do
not  engage threads 172 on the opening 18. Pressure within the cylinder

chanber 3ghg@ye@Ivith threhd 178 cAU@ dBgb aadhdiand efe réfeiré e Qs Badaf thich® gver plate
22, which transmts from cover plate threads 222 to the opening threads

172. The threads 222 that do not engage the opening threads 172 will not
recei ve/ t 8#Yf erAnearosal iiusirateidhe Aireeliem ofithe foreeappligilie thiroveratide feY 6 herein
as unl oaded threads 224. The threads 222 engaged with threads 172 can
under go acyliodst 3ameesare Mestaf g depditggngferriddeiiesgn epgagedidrepgaconabaies omihear row F
illustrates the direction of the force applied to the cover plate 22 by the
cyli nder &8t}3 dueuds sliackishe applied lbahwhich arthé evamptt dElGSere tholyadpdheddseads
concentrates on the first 2-3 threads adjacent the applied |oad; which in
t he exanpl® wffjackit@e Gnleaded threads @adle Sirkbrteadst 2-3 of the loaded threads 223 are in

roughly the middle portion of the plate threads 222, the thread depth is substantially constant,

unlike the thread depth at either terminal end of the plate threads 222. The process by which

threads are formed results in a thread depth typically being less at the terminal ends of a thread

than at the thread middle portion. Thread depth is typically minimal at the terminal ends of the

thread and increases to a fully formed thread having a maximum depth until reaching the opposite

terminal end. In one exemplary embodiment, the loaded threads 223 transferring the load from

the cover plate 22 to the cylinder block 17 are fully formed and at substantially the maximum

depth. This minimizes a stress concentration within the threads 222 that might occur if the

portion of thé threads 222 directly adjacent the inner surface 23 were engaged with the opening

threads 172. FIG. 3 provides an example of engaging threads in the inner portion of the thread

222 length to prevent loading on an end of the thread 222 length where the thread may not be

fully formed. Preferably, unloaded threads 224 comprise at least the first two threads of the

combined set of threads 223, 224. Unloaded threads 224 have the same form as loaded threads



223 adj acent the unl oaded threads 224. Since the first 2-3 of the | oaded
threads 223 are in roughly the mddle portion of the plate threads 222, the
t hread dewOhloicgssarbst antially constant, unlike the thre&dTdspao/oet77&i t her
termnal end of the plate threads 222. The process by which threads are
formed results in a thread depth typically being |l ess at the term nal ends
of a thread than at the thread m ddl e portion. Thread depth is typically

m ni mal at_.t er s, of t hread and, i t for med
thread hatA®n gﬁ*sﬁwﬂi s & %@ﬁhra%ﬁs% fse%%?fﬁ‘@aﬂﬁh%g ﬁaiv@ea%%@a‘maﬁa%‘é In
one exenpl ary enbodi nent, the | oaded threads 223 transferring the Ioad from
t he coverprﬁﬁeéﬁbé/@@aﬁtéwtcﬁe cylinder block 17 are fully formed and at
substantially the maxi mum depth. This mnimzes a stress concentration

wi thin thgosd)r eags d?a%?etér%%e%@@ﬁg RCCliced Ao LR r@lﬂiequ b baseads 222

directly adjdcent the inner surface 23 were engage th the opening

t hreads 1@? ofilt %g 23 op{h%c%ﬁﬁ c&@hagtgag@%cg& § p&%gam cgwr €2 el he% ;t}sgenner

gg;t:on o] read dengt ing on an en e tgrgad
t
Chr eads 204 Hohrrearadps Bgar oy nBhe B el BB otk FoR oot o

t hreads 2 3 224. Unl oaded thre 224 t mas I
t hr eads 22%° HRICE B?ﬂj’?‘ﬁ’%f’opﬁ}éng @gﬁ‘gﬁ zt“ﬂ?%’ag’é) @51'3 Olr@e(b(’% é’ Oqlﬁﬁ‘g 2‘8 | engt h
of unl oaded t hreads 224, preferably st tw ce. he di ter of
the openi @fﬁallteger@awé%%ﬁhswfae s \?ébbeHFroﬂ? ?trlauti%tfeé% OF *P$ thy geep 0? i nner
surface 23 of the suction cover plate 22 adjacent to the suction cover 55,
wher e t hecybindgriblask 17 avhidheepgaing E%ﬂeck&@cr%to the YRENSHHIIP nbRtoadeddhieadsi us
ranges from about 10%to about 30% of the di stance between the opening 18
front and224vee bhated wishinfasmoet cglindrieal portivhiof epening, 18and ddvetrieushshpradlotded by
the profile 174 is it better distributes stress loading in the area of the
opening 18

[0026]  FIG. 4 provides a side sectional view of an example of the suction cover plate 22. The
cover plate 22 is shown with threads 2§2 on its outer periphery and a socket 224 formed into the
cover plate 22. The socket 224 is shown coaxial with the cover plate axis Ap; the socket 224 can

be profiled to receive a wrench for installing the cover plate 224 into the opening 18.

[0027]  Anexample of the threads 222 is depicted in a side cross sectional view in FIG. 5. As
shown, the threads 222 each include aroot portion 226 fhat is curved for distributi ng forces along
the curve rather than allowing a stress concentration that can occur if the cross section of the
thread root defined an angle. The threads 222 include a load flank 228, shown optionally
disposed angled at about 7° with respect to the cover plate axis Ap and a crest 230 that is
truncated rather than elongated. Crest 230 appears flat in a sectional view. The rear flank 232 of
the threads 222 extends from the crest 230 to the root 226 along a path that is at an angle oblique
to the cover plate axis Ap. The angle between the rear flank 232 and cover plate axis Ap can be
around 45° in one exemplary example. In one embodiment, the threads 172 on the opening 18

may be shaped and profiled as described in the embodiment of FIG. 5, and may be described asa



cylinder block 17 where the opening 18 necks down to the suction cover 55.
Unl oaded threads 224 are located within a snmooth cylindrical portion of
openi ng Msoanth/mas2aot t ouch the wall of opening 18 [ 002@LTRIS®09A6sITDVI des a
si de sectional view of an exanple of the suction cover plate 22. The cover
plate 22 is showmn with threads 222 on its outer periphery and a socket 224
formed into the cover plate 22. The socket 224 is shown coaxi al mﬁth t he
cover plate is AP; the socket 224 can bhe profiled tg.receive a nch for
installin “?%%ﬁ@?ﬁdp:‘l&t vapiage o %raping@séﬁ?qﬁi@aﬁ picfegdn 1o A{O% sHife of
the threads 222 is depicted in a side cross sectional viewin FIG 5. As
shown, t hideprephdryicpisredusedsiieprqoneratrations aithesbiead rept, thargbstrpdicing Setighg andd f or
dlstrlbutlng forces along the curve rather than allowi ng a stress

concent r agihewringeompengnt sseduldifd.f t he cross section of the thread root
defined an angle. The threads 222 include a |oad flank 228, shown

optional | 'sp . e axis
A and a BOHE" 25 ER Ao ha gl bnolth bl LEAREK, r%ﬁg'%%ﬂ%&ﬁ%%gaﬁh%
appears f ctional e , 222
oxtonds f{h8?~ﬁ~°t 18 af B8 088 it  Bhe PG 306 b SR B Aol 4 SR ang
obl i que t t he ove ate XJS AP. The angle between the rear flank 232
and cover 5?%*8%1@ %ﬁpﬁgﬁ HEVERSOnd 45 in one exenplary exanple. In one
enbodi ment, the threads 172 on the opening 18 nmay be shaped and profiled as
descri bed in t he enbodi nent of FIG 5, and nay be described as aBritish
Butt Thread. An advantage of enploying the threads as depicted in FIG 5
for use with the present device is reduced stress concentrations at the
thread root, thereby reducing fatigue and enhanci ng conponent useful life.
{0028] While the invention has been shown in only one of its fornms, it
shoul d be apparent to
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those skilled in the art that it is not so limted, but is susceptible to
various changes w thout departing fromthe scope of the invention.d ains
VWhat is cweizoedsi@s 1. A reciprocating punp assenbly corpmits2egoest7bl ock
body; a cylinder chanber in the bl ock body; a plunger reciprocatingiy

di sposed in the block body; an opening in the bl ock body adjacent the
cyl i nder chanber; threads forned in the opening; a cover plate in the

openi ng; and a threaded surface on the outer periphery of the cover plate
engagi ng €Wéms hreads formed within the opening and projecting within the

bl ock body past the threads on the opening. 2. The reciprocating punp
assenbl y §f claimi1, wherein the threaded surface on the cover plate

i ncl udes 22118584 unl oaded threads that project within the bl ock body
past the threads in the opening. 3. The reciprocating punp assenbly of
claim1l, yherein t.he Qhreaded su {aces.on'the cover plate conprises a

| ength of-|oadéde?WP&aE§PPW8?“%W éaQ”WHﬂn%hreads in the opening, and a

| engt h of unl oaded threads that project within the bl ock body past the
threads in th%ﬂﬂ@%ﬂiﬂ? and the length of | oaded threads is greater that the
| ength of the un oaged threads. 4. The reciprocating punp assenbly of claim
1, wherein the threaded surface on the outer

a cylinder chamber in the block body;

a plunger reciprocatingly disposed in the block body;

an opening in the block body adjacent the cylindgr chamber;
threads formed in the opening;

a cover plate in the Oéening; and

a threaded surface on the outer periphery of the cover plate engaging the threads formed

within the opening and projecting within the block body past the threads on the opening.

2. The reciprocating pump assembly of claim 1, wherein the threaded surface on the cover
plate includes at least two unloaded threads that project within the block body past the

threads in the opening.

3. The reciprocating pump assembly of claim 1, wherein the threaded surfaces on the cover
plate comprises a length of loaded threads that engage the threads in the opening, and a length
of unloaded threads that project within the block body past the threads in the opening and the

length of loaded threads is greater that the length of the unioaded threads.

4. The reciprocating pump assembly of claim 1, wherein the threaded surface on the outer

periphery of the cover plate includes threads having a root portion with a curved profile.

~-11-



peri phery of the cover plate includes threads having a root portion with a
curved profile.5. The reciprocating punp assenbly of claim1l1, wherein the

t hr eaded worhrooso@s t he outer periphery of the cover pl @Ce/Useim687es a
British Butt threads. 6. The reciprocating punp assenbly of claiml,
wherein the threaded surface on the outer periphery of the cover plate

i ncl udes threads having a thread depth that is fromabout 60%to about 70%

of e thiead Bt SlhprunIEmSELARASH LN RTRiFAS BBl S8l 3l dperiher e 0

t he threaded surfac ut'er ‘periphery € cover a I'hcludes

t hreads having.a truncated.crest.. 8. The reciprocating punp assenbly of
clai m 3, \/\h@?‘g?hﬁryaotf%feecgg?r P%%%%O“BF*S‘E rﬁtﬁf’@é'gté e?drc?r eads are substantially

identical to the |oaded threads. 9. The reciprocating punp assenbly of

ol ate il’ncl -uﬁéfi"f?i'g%%@a@{%'%ﬁﬁ% %%ﬁfﬁfﬁﬁ%E’%ﬁ%’%@éﬁﬂiﬁﬁ%ﬁ%?%&pﬁ{*ﬁé Wront o
. 45 W . iS.
T0. A rodi pPEERY st Bl anaRG B it RBined Bt B

chanbers forped_in the bl ock; a plunger reciprocatingly disposed in each
cyl i nder ch&ﬂgﬁgb%éﬁgFﬁﬁﬁwf%B@nings in the block at an end of each chanber;

a thread forned in the openings; cover plates, each having a thread forned

on their puter Tﬁ% fe)%/%?%gt%gggg%gqr? &%%ae{nlbiéﬁo%tc}a%l E’,%%‘:Iécg%]wg ft}%r%]a}&gd .l‘u?ﬂgetc& tg% oeutstge

t hread bei'ng fii maxi mum e cover

coaxi al | ycoupl.ed i nto each enj 0 at. t he maxi,num depth porti on of
each ¢ ngr Bgréﬁ'@ry[ 03’ Iﬂéea(@veérr?éag«g g]giuggs tﬁrea&sq’lavmg A Truncated Crest. O o P P

8. The reciprocating pump assembly of claim 3, wherein at least some of the unloaded

threads are substantially identical to the loaded threads.

9. The reciprocating pump assembly of claim 1, wherein the threaded surface on the outer
periphery of the cover plate includes threads having a rear flank disposed along a path

oriented at an angle of about 45° with respect to the angle of the cover plate axis.
10. A reciprocating pump assembly compriéing:
a cylinder block;
cylinder chambers formed in the block;
a plunger reciprocatingly disposed in each cylinder chamber;
circular openings in the block at an end of each chamber,
a thread formed in the openings;

cover plates, each having a thread formed on their outer circumference, at least a portion

of the length of the thread being fully formed and at a maximum depth, the cover plates coaxially

-12-



the portion of each thread in the openings proxi mte the ends of each
chanber; and part of the maxi num depth portion of each cover plate thread
bei ng outwof20mmgegénent with and further inward from t heCrhise@d/ 058778 he
opening. 11. The reciprocating punp assenbly of claim 10, wherein an axi al
|l ength of the thread in the openings, relative to an axis of the opening,
is less than an axial length of each cover plate thread. 12. The

reci proc a&duﬁgg Eﬁ@aeﬁ%éﬂ%ﬁg s¥ tHat thé {rﬂj{imuﬁ%ﬁa%%hﬁjn%f Wk Qo‘jegpsl%g ?f(i%g Fx?%(%g?sl ush

position, a er en each cover read 1s su

with an oyter end.of, the thread i.n the.openi ng. . .The reciprocating punp
assenbl y %F?8?%Pﬁfﬁﬁ?hFﬁPﬂ%@POB%WE?PgﬁwBQSE?ﬁﬁéﬁéf%ﬁh4%W8ﬁ?b portion in
each openi ngjoining an inner end of the thread in the opening and wherein

part of maxi mymy meg?&%a&,sagpt%ﬁa& &W@Jvepél%%réa{arb%% owoéegg%@gmw thin

the snmooth cylindric porti on. e reciprocating punp ass of

claim 10, f g@f@ﬁP%ngw&Q?%ﬁﬂﬁgmﬁﬁa%g&g0 &ﬁthe outer periphery of the cover

pl at e i ncl’ ress threads havin Tuncat ed crest and rounded root .
15. A punmp assenbly conprising: a block body; a cylinder chanber in the

bl ock bodyj a phypagirdsek LY ofdiaHR 98 Sfhdrdin b1 QGHh BADhreRNmOPENI NY
in the bl ock body aé?é%eﬁ@ﬁ?ﬁggcyli%%er chamber: e restin
the openings, relative to an axis of the opening, is less than an axial length of each cover plate

thread.

12. The reciprocating pump assembly of claim 11, wherein when in a secured position, an
outer end of each cover plate thread is substantially flush with an outer end of the thread in

the opening.

13. The reciprocating pump assembly of claim 10, further comprising a smooth cylindrical
portion in each opening joining an inner end of the thread in the opening and wherein part of
maximum depth portion of each cover plate thread is located within the smooth cylindrical

portion.

14. The reciprocating pump assembly of claim 10, wherein the threaded surface on the outer
periphery of the cover plate includes buttress threads having a truncated crest and rounded

root.

is. A pump assembly comprising:
a block body;

a cylinder chamber in the block body;
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threads fornmed in the opening; a cover plate in the opening; a threaded
surface on the outer periphery of the cover plate engagi ng the threads
formed wiwbiznioidses26peni ng and havi ng at | east two unl oagea/usheooacss73
projecting within the block body past the threads on the opening, and a

| ength of | oaded threads that exceeds the |ength of the unl oaded threads.
16. The punp assenbly of claim 15, wherein the threads on the cover plate

conprise Britis 1 hr 17, Th assenbly of claim 15 wherein
the threads on rp%@%%%%%%ﬁ%@edl é)\sleg a e?’ﬁor? gf’ d crest.

an opening in the block body adjacent the cylinder chamber;
threads formed in the opening;
a cover plate in the opening;

a threaded surface on the outer periphery of the cover plate engaging the threads formed
within the opening and having at least two unloaded threads projecting within the block body
past the threads on the opening, and a length of loaded threads that exceeds the length of the

unloaded threads.

16. The pump assembly of claim 15, wherein the threads on the cover plate comprise British

Butf threads.

17. The pump assembly of claim 15, wherein the threads on the cover plate have a truncated

crest.
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