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2087950 1NTERNEDIATE VEI GHT DRI LL STRING MEMBER Thi s invention pertains to

an i'nternedi at e wei ght drill string-nenber to be used between the drill (Y
p|Pe anﬂ the collars in a drill string used in the rotary system of '
drikling wells. 5 In conventional-fotary drilling of wells, the drill

bit /s fastened to the lower end of a long string.of pipe. The string IS
turned fromthe surface to cause the bit at the bottomto driliz/%mﬁeﬁ
At -the |ower end, directly above.the bit, there is a series of

10 wal | ed pipes known IEFERMEDTATE (WEEGHT (DRILL SSTRENGNMEMBERVI er t han t he
drill pipe which makes up the bulk of the length of the string. The

pur pose of the drill coIIars is'to put weight on the bit so that it wll

drill nore.efficientl general , in nore difficult drilli
situations, a gTdier ﬂﬁﬁﬂfé@fbfpetfrqqilnﬁz(ﬂq A1 inyermediatey wemgﬂdr. N

col | arz Si ]?}?rlllh%tmﬁh\éimg tehe b tusei\T Q:éﬁive@ff&ﬂﬁsl TRy %rquil lpditpet ha]?:d .
remai nder o e rlqg pri nar i i | ext-en r%g1 e
‘upper end of b@n& a1 ltlgl t5HhF A0\ 1 tr,éﬂ’sq I 8 YIE:%
:relgtlvely tdy i1 Mird akldis J | plpe does not operate wel | in conpression and
can even coIIap T ) | Vet I hi r mby its
abijity o oper ;‘t%e Icﬂ&e&ﬁ:@% oﬁd&ri?'gsllngl O;Sérjl “%/{ﬁstdr ﬁ}‘eo tﬂlill(rai"g 25
Anot her pr othid'miaaj(fmtbytq Hz!ne rimrem @nd wf ¢h lenaurstningdaedher wel | s
-and. especi a g : rerrel sﬂgfcu 10| Sh e fydﬁ@q&wrﬂeé i Ealidd/aiHeN, 1S

that it is t | f_nat. 1 npossible to | ocate the transition

zone bet vveerP’t‘heatar"é!f cH° t i hidie hade g0 A ithe daver €hwul d be
and the ar eaaitfedﬂtsﬁlacﬁwmeme thiee drifdrei e duriebs E verGondsigient |y,

ts[]reelsge ,at Ierlgi[ thS pxgesdrk'rln'lwrp d5 darﬁlOf oeﬂ exgaqsefionoarcsorg)re fich
heavier than the drill pipe whxch makes up the bulk of the
length of the strlng. _The purpose of the drill collars is
to put weight on the bit so that it will drill more
efficiently. in general, in more difficult drilling .
15 situations, a greater number of drill collars will be -

" used. The drill collars, since they weigh down the bit,
are in compression. but the remainder of the string, which
is prxmarzly drill. p1pe, extendlng from the upper end of
the drill collars to the surface, is ‘in tension. The

20 relatively. th1n walled drzll plpe does not operate well in
;\/’ compression and can even collapse. S
The ‘member of this ‘invention solves thls problem by its
ab111ty to operate in tens;on or in compression in the drlll
string. !
25 Another problem addressed by the invention, thch'

. occurs in deeper ﬁells_and.especially in-the-inciéasingly
.used directional drilling situation, is that it -is
.extremely difflcult if not 1mpossible to locate the
tran31tlon zone between the area of compression where the

. 30 drill collars should be and the area of tension where the
' drill pipes should be. Consequently, the lowest lengths.
. of drill pipe are often exposed to compressive stresses,
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g¥] even worse, to alternating conpressive and tensile stresses, which
an/gduse failure in the transition zone. Here again, the nenber's ability

~toogerate in tension or in conpression solves the problem 5 Typi cal
.=conditions that could place the drill pipe in conpression include uneven
“drilling feed which results in alternative tension and conpression in the \J
string as the bit drills the hole. That is, as the bit decends during each
such cycle, ‘the point of changing stress in the drill 10 string changes
and can nove up and down between the2deill collars and the drill pipe. The

t at { Ki f
re o 11O SV T S M nE e olB s FivE And LERRER R, g O
encounteﬁ@ﬂﬁmmﬁﬁ(kﬁhxphh¢ann¢an§§ failureigin 1&he trhmsithgnlmomedlrectlon
of f vertigdle aigh i vaxa/'xm&maéaeissasﬂf?f Bb8herfld®in' BERRILAM COS 1O

. become sever.ge enough to damage the dri strin has been heretofore
known to Qe GRERFASHiRN RPIVeS rkhe rﬁtﬁ’%’e%mwel ght and wal | thi ckness at

this & ansitigypidhl 26511 6Rns) that NEEId P1AEE . &8 dP{1EXSIP Cin
provi din nternedlate Wf ht drlllré;iii%hrn¥g)és af the tranS|t|on zone
bet ween t pgieren ¢ tRe I“%%??rﬁf$%1t%sbnsubject
to fail uraeleamaativesleensmmam dampression Decthie i $tfing a9nehe

hey ar S SR HPEE] AP0, S AW Hirendi NntS ol Slatore

and ot hereaslpsusmRYFe eckhorpointitof Ichanging estres$ainll ehe hdrill
' nte&md'ﬂﬁ%'%ng’@if‘%{dw@& movE & AR ov?ﬁ'éét@%é’& the"dfff; the

i nt er medi at nmenper has sone of e char eristrcs of collars\o/
in that ]iera rﬂﬁ‘iq'é'éetqﬁb:k 1 Rired a%b%o‘fq’%?%m%o"ésﬂw enbirele extra
Strengthdﬂlhlﬁﬁiw}ﬂﬁ&i@lzw any therning or cocking of the . -
drill string in the borehole, and especzally the severe
turning encountered when doing dlrectlonal drxll;ng.
15 '(drrllxng in a dlrectzon off vertical and to varying’
' angles to the side); cause these forceshto'become severe
_enough to damage the drlll string.
It has been heretofore known to use a member having an
intermediate weight and wall thlckness at this tran51tion
20 zone, see U.S. patent 3,784,238 for example. By
_probiding intermediate welght drill’ str1ng members at the
transxtion zone between the collars and the pzpe, the ,
_entire drill strlng is less subject to failure since these /
_transient forces will occur in this zone. ‘Intermediate
25 weight members resemble ordznary drill pipe, that is, they
are formed with a slip and elevator area so that the
tongs, elevators and other pipe handling equipment at the
surface can handle the intermediate weight member Just
like ordznary drill pipe. Further, the intermediate
30 'welght member has some of the character1st1cs of . collars
~in that it is almost as thick walled as collars, so as to
prov1de extra strength in thls troublesome zone in the
dr111 strxng. N
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- formed with a

drill- string. -3- Drill collars use a different type of elevator than do
drtll pipe and the.invéention internedi ate wei ght nmenber. Sone drill rigs do
not have the el evators required to handle collars, and instead use various
nakeshlfts S Interestingly, one such makeshift is known as a handling sub,
)s a short menber which sinmulates a drill pipe elevator so that a
-coIIar fitted with that sub .can be handled like drill pipe. Al drill rigs
of course have the el evators needed to bagdLe drill pipe. Thus, the 10

i nvention's use of standard drill pipe elevators provides an advantage in
the field. Accordld@¥y1¥h@°%l%§%ﬁ@3$n@eﬂ%fﬁﬁrﬁﬁbvg ¥ee @f eheE¥pheyi khan

We: Ight drlt I It hsa% | e det%m@%hgt LhPEsEToh n.«t_aft:ﬁﬁxéalatél walantvxaeﬁbébe
coO ars a e It n e e a e u er- en

Cntermod ate vEmESHE +f1r§9?.ﬂa nekiRevh e e LovaraRE “Fefilred” ksngth

| ess t han trwuhaﬁdléecobléﬂss and £NSEeaaauséhearﬂ6ushmaﬁeshifpspe in said

sai d menber ShetEerSe ML o ST pabeEnLEt s TkhOin b8, ¥ pihaldhl "¢
pokti on adJaceﬂmbzh@hidbl1$oanﬂhartsmﬁmbenewhndh sﬁmulabQSnangrm&lnpppetlon

of said body ?@*&@%é%&’ Eﬁén?a?”Qof:‘iéi‘aff&té&eﬁléﬁdt’gihdshﬁohahob@t bei ng

east one helic roove, sal-d el evator area having
a 8ianeter le ﬂhﬂdt%bPedﬂrQ%ltEéPﬁel|6&1I?rgléoVéﬁsnﬁfncﬁﬁﬁ?epbﬁyﬁon

and the dept h anel élllé@&fo@é fébdedl tbeRShADEEaBEL L CBlD GLOOI‘ﬁuB?I gesuch
that the b n nt of inertia through_sa hellca rooved area is
sUpst ant i afPy DAYERCEGR!ReuBRrof 1aERBREHE SFLLLCPLPE Phelafes Proviges
el evat or area.aﬁh@dﬁ&ht&g@tin]theSﬁlebdstant bendi.ng nmonent of |nert|a over
Its Iength Accordlngly the present 1nvention provides an -
| 1ntermed1ate we1ght drill strlng member to be 1nterposed in
a drill strlng between the collars at the bit end and the
15 drill pipe, at the upper end, said intermediate w91ght dr111
_strlng memLer having a. weight per unit ‘length less than
that of the collars and more than that of the drill p1pe in.
said string, said intermediate weight member including a
'_tool joint at each end, said member having a slip and
20 elevator area at one end of its body portion adjacent the
tool joint at said one end, the remaining main portion of
said body between said slip and elevator area and said-tool
_L/- - joint being formed with at least one helical groove, said .
slip and elevator area having a diameter less than that of
25 the helically grooved main body portion, and the depth and
number of said at least one helical groove being such that
the bending moment of inertia through said helically
grooved area is substantially equal to the bending moment
of inertia in said slip and'elevator area. The substantially
30 constant bending moment of inertia over its length
~ including the slip and elevator area is accomplished by
control of the depth of the helical groove or grooves 1n
the main body area. The grooving also provides the
intermediate drill string member of this invention with the
35 same advantages enjoyed-by helically grooved drill collars
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pchudi ng the slip and elevator area.is acconplished by control of the

fh of the helical groove or- grooves in the main body area. The grooving
¢ akg0 provides the internmediate drill string nmenber of this invention with
" the 35 sanme advant ages enjoyed by helically grooved drill collars - 3a -,
«nd helically grooved drill pipe. Thus, in the present invention, as St
*opposed, to the stress-inducing wear protectors of the said U S. 3,784,238
patent, for exanple, there is provided a uniform bending 5 nmonent of
inertia over substantially the enti3a drill string menber. In addition, the

grooving p {%gfi t udi n SuB,n hat no one area
-of the nenﬁ§¥iaﬁ$* dfﬁ?g?%%é& ??y In c nf act Q&??ﬁ ?h Qh% bor ehol e
well | wi'th rREqRent tinvegtieneras PpBeRed 58v§h?a§§rﬁ§srﬁﬁﬁuFH@9heI|caI f orm

in effect SWé w@e@téréiow @ﬂéOsaﬂa bosnom mt,hssh gent)i s is.
especi al |y | nportant qhg or dlre tional ﬁ dril wel | s since weight
$hcthere 1 form

cannot be. | ERMBL BsREPVEERfP HR Egbends and curves
in the drilmomdnt Nt inefftta abose substaheiadldyathegeatdiret Mrilllvention,
wi |l be poi %@M wi || becone evident in the follow ng detailed .
descrlptlo Tand in the acconpanyi ng drawi ng al so formng a part,
of the dlsclosurhn addmpxon, the groorigg prpyldeelgumam@wal vi ew of an

I nt er medi atgy gé%egrliﬁﬁfaaiﬁe aﬁgfaﬂneﬂhﬂshe' ga hg 'a%%nufomheﬁ g. 2is* ~
a Cross- sectlon I elv en
member will be dlfferentlally 1n contact w1th the
10 borehole wall with respect to any other. Another n Y,
advantage is that the helical form in effect screws.
the bit down onto the bottom of the hole. This is .
éspecially important in angled or directionally'
drilled wells since weight cannot bé'applied'in the
15 usual manner because of the bends and curves in the'-

dr111 strlng.

N
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i's an‘enlarged view of an optional feature. In making up a drill string,
t'he wejght and rigidity 10 of the internediate drill string nmenbers of

the invention will be selected with respect to the drill collars and the

dr|I1 pipe going ifnto that string such that the invention nenbers will be
intetmediate in weight and rigidity to that of the weight and rigidity of

theé collars and pipe in 15 that string, Thus, the term"internedi ate

melght drill string nmenber” and the Ilke“as used in the claims and

speci f cat | on t henRolatsdid larke UMY Sth i SEBE st EnvEsk 16 vmmt and
rigidity wt r ect 0 a parti drill Jnt whi C

assenbl ed. %; RS Er "ﬂiiclfu]f g?ﬁql%lt%‘ﬂl c‘h"g éf’]rvbé?

i nt er medi ateddwilﬁd tdees cyai et Aot avad cslzﬁnsplérai i tdre Iéccmmnyiﬂgfact,
for sone siz

same nom nal %azt.hrg%hr}\éseglté?ﬁ%#mnber%aio& Y‘ﬁf )cgtekfcelaﬁ%%ﬂf%‘gte%? \gﬁ/':‘ %’%}i}cf the
~internedisate 25 Fm ghtisira Iélmatmaﬁarﬂhw I campien eoned dabe twi gh i nt

end 12 and ad}l{ihh '%o tﬂﬂéjr]eénb{ FER engt%mﬁﬁp%dlé myt&}uged for

driel | strings In en I's screwed Thto tThe femal e
or sbox end ofCIth-'es'rE%@ti%ﬁ{ Soiew, tﬂ‘%ﬁm 1ine 22 1theneohyy and Fig dedired

30 length. jgihgn idvRMdan \fﬂ'@%’f Idhic E@&%PYféﬁﬂé‘Q mai n body section
doito the tuo Tod TN 120G 1a oty bnce U6 406 S cspentiyely, TS
_wel ding,3on of t&msaﬁmmﬁmhamtdﬁusl Jﬁtﬁhﬁ; Jxﬂedimémemf ttl:taetixWenbims and
Ao an PRI TR 16 G dfeedlE O Hetl othadt did thT, |
tool joints Brikd pipe qmmmm@fﬂnakostm@rw@y thabn@mm%enhsomy
forging. It 'ﬂéd&ﬁ¥§téqﬁlt6btiﬁtéfﬁ@ﬁﬁéﬁi‘iﬁaﬁeiéﬁktﬁﬁh’iEﬁidffy to
- that of the weight and rigidity of the collars and .pipe in
15 - that string. Thus, the term “1ntermedlate weight drill

'str1ng member" and the like as used in the claims .and

specification thereof shall be understood to mean .such a
medium weight and rigidity w1th respect to a particular
drill string into which it is assembled. This is to be

20 differentiated from having a weight intermediate that of -

- the same'nominal size collar or drill pipe. In fact, for
some sizes, the invention member is very close to. the. -
weight of the same nominal size collar. ;

Referring now in detail to the drawings, 1ntermediate
25 weight drill strxng member 10 comprises a box tool joint

~end 12 and a pin tool Joznt end 14. These are standard
tool joints used for drill strings.- ' The male or pin end.
of one length is screwed into the female or box end of the
next, and so on, to make up a drill string of -any desired '

30 length. The invention member 10 is made by joining main
body section 16 to the two tool joints 12 and 14 at zones
18 and 19 respectively. This can be accomplished by many
. _ different conventional techniques, usually welding, in



)S of substantially one dianeter throughout its length, with the

gption of the elevator and slip area 20 which extends fr.omthe tapered

tion 18 at the box end to the 10 begi nning of the helically grooved

af ea as shown in the drawing Area 20 is made by turning down the . tube from

- Mhich the body portion is fornmed fromthe tapered section 22 through Nl

- ‘reduced dianeter cylindrical section 24 and nerges into the tapered section
18 which joins the box to the body gf_15 the tube. Area 20 is used for
the elevators to lift the nepber which fit on tapered sectjion 18, and for

the slips ¥R%S tareredSectiors Lhdand kot hetwernethe kreh dranpson
cyl i ndri cadndeehé Opody. bel EWrt agaﬁbiéaiﬁé&tﬂnus:emﬁe@ 2%&&%&&\@&1&8 the

el evat or area,_ or ween t he
S| ot porre iting, S il R Laint) caRoRRC SRR hEUSERETs Toid wih
a pluralitalsd thbmgbt ghabviesdB0l6i hogather ewibthetiobdr joints 12 ahdught

L3t 8, 51 PP 8800y ceaee L 406, RLOYT dpcenbubitbel bs 89! eBpupbhoUONt 1o

be b ura o0VE ener a problens
A single groovkt hbaemortenw t-m hhehbngeopeomt at thechedynporhipnproved ,

feature Oflﬁhﬁ'ﬁfeﬁbgﬂahﬁléf USRe O& i BRbLER tswgyhaetoyeg i6RgeRLIiTe

| ength of the main dy 30 porilion between the_too oints except or slip

and eIevai%*t%rE%?ZQxcePEP?Qlﬂﬁ"tBFlFieEBF?érénﬁssﬁéPlaRﬂBwﬁolﬂ 8RB prior v -
art, see fosttemerpfﬁoﬁoxw CapeféansectibfO185at thel bskngndi oakBe known

g? ggfgdf eg g%gngsogl#égdgegﬁog#&ytg&%obgdpgr%%begu%hégky% mgﬁga gg%fﬁgi_
-6 - Howevkredh20i ks médesbysturninghdownvehei buber fdamewhéth thet he \e)
hefetOfOfeb&&f“ﬁo?QYQHtfgefo?ﬂQdiExaﬂdkhéoeaggrea section 22 through
reduced-diametef cylindrical sectioh'24 and merges into |
the tapered'section 18 which joins the box to the body of
15 the tube. Area 20 is used for the elevators to lift:the
member which f£it on tapered section 18, and for the slips
which are used to hold and turn the member..whlch grasp on
‘cylindrical section 24 below the elevators. Thus, area.
20 is known as the elevetor and slip area, or by either
20 name, in the fleld. : T : .
Between the sloped portion 22 and the pin end of the
member 10 the body is formed with a plurality of helical
grooves 30, in the preferred form. It is thought that a
single groove 30 could be provided, but that is not .
25 thought“to be better than a plurality of grooves, and it
. may generate oﬁher problems. A sfngle groove however, is
within the scope of the invention. '
An improved feature of the invention is the use. of
‘helical grooving over the entlre length of the main body
30 Pportion between the tool joints except for s11p and
elevator area 20. "Helixing" drill collars is well known
in the prior art, see for example Fox U.s. patent
2,999,552, "Helixing" is also known to have been done on
drill pipe but this is of dubious value since the wall of
35 drill pipe is already thin. ' ' . : .
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certaln new advantages. The helixing aids in preventing differential : (E;;
stlcklng That is, it i5 possible with a 5 snoot h surfaced nenber that
|V’mnll havi ng once touched the side of the borehole, be forced ever

gwter agai nst that position because there is no way for the pressure in
'tthﬂUd 'to get between the nenber and the borehole. Via thehelical
gt oovi ng, the pressure can cone between the 10 menber and the borehol e
thus alleviating the differential sticking problem The right hand helix
al so hel ps increase bit weight via a screw effect, which is especi-al ly
i pportant in deviated,.angled, directi en&l ky drllled and -ot-her .

dided oM

non-strarght hol G%W{% hﬁéﬂx%‘;g@htaslﬁxsé e tfﬁheﬂl‘f‘o
the surface in the usual nmanner not her vantage is that the grooving

ai ds in renmov@llooL iy heretafonm ingwpadiantaars #nd Il%tﬂ‘iw%ﬁm t he

borehole. By hattid iewaldvariaddie Irtt R Eihgei ids A réVér{d:l.rﬁé“ng
menber wound rlght handed, these channeld wll jn effeCt%ﬂéi? he ChIpS

up -t he annul ué rentipl fhicking. AThat ignmddy iR iRes
provi deds i f .reagpotiedsurE St e c Wit %Iwmmrﬁavmd’&fdw&dmﬁied

he i body SHE HAARGE (U PIRRRA LS 6 R Aohard el LA (A oy e
so‘that the i rbbett |pnsinmerbwddsdnethzen£ uks froo m&xerﬁbmg:hmmrassﬁre mertia
o Fara Top e i 36 U4 S G ene Wb add oG SRRSO
the nunber of theh &caﬂcsxtm#nwepﬁhe RORSSRES QAP QARE thevesm e nade to
obtal n, l0at infembid¥e drd ckerd E&Féhcﬂléiwmﬁéléﬂé\hﬁﬁﬂy%éf@ﬂfﬂ&&én@ﬁﬁqw'
in .bendl ng errrsetn'tclgicngl nﬁ%t‘: er;[\.o t'ﬂret P{gﬁp%an@aeir lso ‘helps '
increase bit weight via a screw effect, which is
espe01a11y 1mportant in dev1ated, angled, directionally
"~ drilled, and other non-straight holes where heavy weight .
15 cannot be put on the bit from the surface in. the usual
~ manner., SRR ' .
Another advantage is that the grooving aids in removal
' of chips up the annulus between the drill strzng and. the
borehole. By having the ‘helix on.the intermediate weight
20 @rill string member wound r1ght ‘handed, these channels
. " will in effect "pump" the chips up- the annulus and to the
O, surface. A left handed hellx ‘also . could be provided, if
. required in some particular environment. :
' _Perhaps most importantly, the helixing allows the
25 bending moment of inertia in the main body to be made to
be equal to that in the slip'and elevator area so that the
invention member will have a uniform bending moment: of -
inertia over substantially its entire length. The tool
_joints are standard for oil field tubular goods, and thus
30  are not controllable. By adjusting the number of —helices
and their depth, the desired condition can be made to obtain,
that is, the thicker main body helically grooved area will be
gqual in bending moment of inertia to that of the smaller

<owm -



] : .
{ dgireter snooth walled slip area. This is especially inportant in
ectional drilling since the invention menber will thus tend to forma
/snoath curve as it goes around a bend, thus not creating any undue areas of
“high 5 stress. This should be contrasted with the prior art such as said.
U-S. patent 3,784,238, wherein the center enlarged portions are provi ded taw
- prevent umrdue wear at the center of the pipe. Those center wear portions,
; or pTotectors as they are called, crgafe two regions of high 10 stress, one

i each at the | aces ere. they._neet the thinner, wall bod ortion.

| Soch o meAbapeEaR ARG RnPRIARGEAaR, BT of | Thlaats BPEELELIY ot fai ghis

. as ﬁppozeﬂmporeﬁnts&noamreutﬁenaibﬁm1uh&ngnsdnbeomhamﬂwvdwuiqnunct|og at
eac en ) aj t | 1 stress and a

- place mhe&%mgﬁgtwggi g %o%gggngl% %g %a °§%§02P5 gt ﬁ@gpltch of

- the hel i cagoundnet bengoer thus sot| cngaid nghanypunduei arne@ts off hidghent | y

- "tighs” Oétfesrs,m' ‘I‘hig_Enehlhhﬁes@%t?%%‘téd""wllltho‘iﬁw prilot® art Fud) @

'-Ccross-sectiona | ane . ear han a chordal |ine
" notch’in aﬁyséiéséué%ctP@ﬁ&ﬂtpﬁaﬂé4v?ﬁév W, ef§#ﬁcéhﬁeﬁﬁpﬁgfnnnent of

~inertia Iéndaegadepbrmbalsyawaot)rawasasefét ipRedenthanauat vead! ate, so long |
as the plggh does not ng e_upon ﬁ % one plane nore than once, or extend .
$ke mheke: f&n%

undul y acFBEsCERYeLuLOf rESe, e GENLPE WeRE| PORKIONSy O&ffect. To
il lustrat prohiestpeisnts pheyuaeeanaanédnabyehtblt&bseenghhreﬁdhzéhplane cut

thr 0ugh SHEDedst NLRI0RREPIUTLG Al 0 selal Gpdile® sl sld0NGE @ CUL-auay

over perhag on one si h&<Ehr & and wll
produce at8dnnegl walddmadnabodyepogtdonte Sugd atmembewhr@@¢ncmm¢t In &

t hat CasearbbﬁdphtEBrWQU|@1§Q EQEE%%'%UEE¥1E%9QE %Q%Ezb%ﬁgNHdi'rW””ge on
bendi ng nmonent qf inertia. present invention the pltc Is so long -
and gentIQPPﬁéFd to one smooth curve as in the invention, with the
junction at each end of each straight length being a point
15 of_high_stress and a place where that member could-fail.
We have also found that the pitch of the helices is
" not important so long'as that pitch is not Sufficiently
"tight™ or so small so that the same helix will occur
~ twice in a single cross-sectional plahe, i.e., will not
20 appear as more than a chordal line notch in any
crdss-sectibnal plane. That is, sihce bending moment of
inertia is dependent solely upon cross-séctional shape at
a plane, so long as the pitch dogs'hot impinge upon any
_ one plane more than once, or extend unduly across any such.
25 'plane; then the pitch will have no_effect; TPo. illustrate
this point, picture an ordinary helical screw thread.. A
'plane cut through such a thread perpendicnlar to -
its axis will produce a cut-away over perhap5"120P_to 180°
on one side_at the root of the thread, and will produce a .
30 full radius at the oppositeISide at the thread crest. - In
that case, the pitch would be sufficiently tight that it
would impinge on bending moment of inertia. 1In the-
present invention the pitdh is so 16ng_and gentle thét



to effect the bendi ng nmommt of i'nertia. Yet another .inprovenent of the
i nvention is the manner 5 in which the helices nerge into-area 20. The
el evator area-has ‘a smaller diameter than the main body of - the invention
dri | tring nenber. It is changed with respect to the, prior art-in two
ways, firstly, the. tapered section 18 is a truncated cone or tapered
region and is at a 10 particularly shal =08 angl &€ so as to.extend further

al ong the axi h d e z

t hr ough. t hat f“égﬂg o’tﬁ ‘g}c')g{?%?% %‘Pneé gg%lé\g néﬁe%ﬁ%# ?\%r&gé%q%%g@jfonas hel d
t hrough the trahspelomffbneenhhwstthéfect the kﬂﬂﬁﬁﬂECNWMégﬂwQﬁlon in that
zone precl udesjgayy pidue 15 stress concentrations. For the typical sizes

w th which the invention is used, it is thought that ejthef>three or four -
helical grooves ca¥ebean@ther IBPrepementcf bom cinvenrt il cif i theygranner

critical so ogg WRiéhethendlfvds C:h@ﬁ@esoﬁééoa\séa@oshamelélévﬂélar to -
t hat shown in Fi ear s substantl s .a ‘chor dal

e oo al piarge Bus arameliss GEnete S PEa, fers e bhinday fobieme Cho
grdved area. ihbertion dmmenetningtmanbewentromsleataged rmyrlocmeapmthe

oL S very SO prEBRAGY e L 1A Mo el A0rBLAFT, Oho OLHBLEGY, WRGARLEC

is relatively gen s no
As shown at thk8pis enuruncaheddcanengrlhaﬁeyedlregﬁengandvusgatseops

slightly shpgtpafetbgrbeel sRAﬂioJ4angi@'§o'§sdQ@eeﬁﬁﬁﬁﬁsﬁu@tﬁgpralon

cylhi ndri cal sectlon | S ng t O- gﬁﬂéhe boqé and, the tool j: |nt for
wel ding. It chiepgxis,e ytgﬁdP?mE%Etloﬁe e thedelices (baper Gownang
i s expected tothroagh thgti gebieneééethaontwebmimg rmmamfof hﬂ;efwmt i on N

drill string n?ﬂgglity is held through the transition: zone and so that o
' ~ - the smooth conf1guration in that zone precludes any undue i“'”'

15 stress concentrations. ' - 'f"'_ S

. For the typical s;zes with which the inventron 1s o

. used, it is thought that. either three or four he11ca1
_grooves can be used. As developed above, the pltch 1s f“
not critical so long as the resultant cross-sectional .

20 shape is similar to that shown in Fig. 2, i.e., the groove nff'
appears substantially as a chordal line in all planes i
perpendicular to the axis of the member through the grooved
area. However, in general, the inventxon deals thh _ o
grooves on the order of 1.27 cm -~ deep over lengths on’ thef’ ' N

25 order of 9 metxes,the pitch is relatively gentle, and thus”l S

- has no effect on bending moment of inertia. T ~'_TL__

As shown at the pin end of the drawing in Fig.nl the.j_Tf'
grooving stops slightly short of the tool joint 14.: Th;s- '
is done because a short cyl;ndrzcal section is needed to i
éo align the body and the tool jornt for welding. - It can be
- a very short section, on the order of 5 to 30 cm, ‘and- _
is expected to have a negligible: effect on the performance :?ﬁ
of the 1nvent10n drill string member. R

m nror changes in pitch do not inpact on cross- sect i-onat shape'suff|0|ently(}§9-

o @

S



tensive mathematical anal ysi s has been done to calculate the depth'of

bstantially the entire nmenber.will have-a uni-form bendi ng monent of o
Admertia. The follow ng Tables give many exarrpl es- af "depth -of cut for b
different dianmeter slip areas in a.given nom.nal size for three and four
helical grooves. Persons skilled i these arts can.- 10 generate ot her
tables, fornulas, etc. to acconpl TsH. The sane: nesults Table | is based on

an outside di arrer.:etenswémaghemaedcaneanalyké.scmasamem dom d® di anet er
of -7.6 cm 0] ex 0
slip area Z%af% ga ﬁgg ﬁeg*;ﬁlg% g%%%’v %ﬁ’% 1T
grooves t hefoepthebiceat tohwake bbe benffisgomgaent of Shegiaarich fadve f our
gy doves ! NegsBbdahréd! egliglBodtAd¥eIns iRl 4159 §%atah%ooﬁ;d§ of 1.27 cm

-10- TABLE oves_ Bending
Bendithg Depﬁ\plhs‘éﬁntla%ﬁeﬁbe enE&EPv&P@ﬁ?rWH%ﬂ-t ‘hgrerguupditarm 5 Cut -

I(ertl)a Uggébﬂ&i! moh8RE! b8 inkREEAQVedhecC 'fbllow:.ng Taftﬂ@s) give 0. D3 g ; n -«
cm O D.

0. 127 man < ampges oflgeggg of c%sfor %:Lfferefé, 92'36‘92?5
1659 slfpBlreas -ibd4given nomihal8size’ for three and four St

helical grooves. Persons skllled 1n these arts can
10 generate other tables, formulas, etc. to accompllsh the
same results. SRERRERES R
Table I is based on an out81de d;ameter 1n the
_grooved area of lh cm, and an 1n51de dlameter of- 7.6 cm. .
In one example, it was desired to turn the elevator and
15 slip area 20 to a dQiameter of 12.7 cm. Thus it can be .
seen that for three grooves the depth of cut should be.
on the order of l 51 cm, and for four grooves the
depth of cut of the grooves should be on the order of ;f
1.27 cm. o 3

-

* v@ »

gyyqove for. both.three helices and four -helices to imake the bending nonent .
6t/-inertia i'n the grooved area equal to that in-the slip area so that 5 _
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10 0.381 1623 13.82 - 1469 13.77 0.508 'égé
13. 64

‘1581 . 13.74. . 1540 13. 64 0.635 1535

. 1478, 13.54 0. 762. 1486 13. 54 1413 ,
13,39 0.889 . . 1434 13. 43 1343 - 13.23 15 1.016
133 13.31 1271 _ 13.08 1.143 1323 :
13\.21. 1196 12.90 1.27. - 1265 13. 06 1119
12.73 1.397 . 1207 . 12.93 1041 . 12.52 1.524
1147 12.78 : 961 12-39020 1.651 1087
12. 65 881 . 12.09 1.778 1026 12,47 800
11.84 1.905 IABLE I og5 . 12. 32 718. ' 11. 81 For Table

Il the outside dianeter was 12.7: 3@raovleshe i nsi de_(iu_nﬁj;gg_m_z_j_qm_
The user can select a 25 . SBepdimga di aneter, and Bepdiabl e gives the

groove depth ribeplh o6 hol d Moment t gfit Equniva@;enbrremmentl a6r t Equivalensl £

1l 3 Gdoves Cut = - 4Igepbias~Bevogngoved Inegtla - Bynsrﬁevgépth
of Moment &#m) Equi val enfemtbnent oP.Defemdal enfem™) - cut . (cm)
Inetia - Unggosyed I nertifyoy Ungrooved, 6gnm 1704 (.[err]) 13.97
OR(cm . ([err OD (cm 0.00 11 . 12
1249 .O-h.%7 0,127 1688 130 13.94 12.&%32_ 130 13.92
12365 0.254 0,254 1114 1659 12.60 13.89102 164k  12.57°18.87
0.381 1 10 .47 0.508
1053 10 OiIEE jop, 1623 1984,83 g5 1468 47 2,909 13,77
12\35 073,508 °© 12.1288D. 762 13.74 979 1540 . 12 .24 13.64 922
1269 0.889 4, 938 o 12,14 64868 1478 11.94 35 5y
1..016 0.83% . _15?3? g13°® TS 76 7
B - 0.762 - - "1k86 - 13.54 . 1413 13.39
0.889 1434  13.43 1343 . 13,23
15 1,016 1379 13.31 . 1271 . 13.08
1.143 - 1323 - - 13.21. - 1196 . 12.90
1.27 . 1265 013,06 . 1119 - . 12.73
1.397 - 1207 ~ 12,93 . 101 12,52
. 1 ’ T
1.524 - 1147 | 12.78 . 961 .. 12.32
20 1.651 . 1087 = 12.65 881 12.09
1.778 - 1026 12.47 800 ©11.8%
$1.905 965 12.32 718 11.81
- For 'I'able II the outside diameter was 12.7 cm, and
N " the ins:.de d:l.ameter was - 7 3 cm. The user can select a

25 slip area diameter, ‘and the Table gives the groove depth .
needed to hold a constant bending moment of inertia.’

o +#& &



853 11. 89 755 11.58 1.27

11.76 696 11.38 1.397 : . 765

636 - ©11.18 1.524 719 11. 46 576

1.651 673 11. 30 515 . 10.69 - -~
628 11.13 . - 454 . 10.44 1.905 4

10. 97 ' 393 - 10. 13 Referring nowto Fig. 3, there

i's shown an enl arged' view of a box end 12A including hard facing materi al
32 25 - provided at the inner end 9§ the box tool joint and extending in
finger-like projections 34 onto portion 18A. Fig. 3 shows that the
i nvention rEABEBSIEhis optional feature of hard facing to protect the high
wear region at the juncture bgtgesgsvagea 20 and the bax ceabvieeo! 30
joint. The slope of the BERGEAG portion 22 1s veBgnddlg €. a sl ope on the
order of [epégtiasebeen M&ment GEr et BALCalehtt hooment AT Eafuimalentar t
configyur at i, - angl-es nnﬁéaéﬂtaeper , URBrbboed deIneftid) -haUngremveadsed.
By 35 pr¢amyi ng this (ewddively sbabldemdngl e Js trang.D.onffcmone has
a | onger axj l ength. In ition,the,egds of - 2 - the gr s are .
caused to "¢3é9her" or dec%ggge in thi@%ﬁgss as.t%&?géo throughlgﬁﬁg ¢
transition @Qab27 In this nhbB6r, a snodRk6fransitild32of stress kS he ¢
| ar ger diaqgffgugrooved boﬂ;kho the smybl g di aneggigd non- grpaved slip -
108

. and elevator area i s nade, e bendi ng_nonent of inertia is kept constant,
| and nkOundu@.38tess * 5 concent A8t+B8n poi ndd6dr e creat ed 127

expl ai ned apoyeg a drill sjpsng i s madeaypsof . di f fjgeant nom nal 12 73F of '\J
collars, interpediate nmenb 10 - a i1l pipen,, SONe typi '

given in

0.762 | 979 12.24 922 12.09
~ 0.889 938 . 12.14 868 11.94
15 1.016 - 897 - 12.01 812 11.76
1.143 853 -~ 11.89 755 . 11.58
.27 .- 809 - .11.76 696 - 11.38
1.397 765 - 11.61 636 . 11.18

_ 1.524F . 719  11.46 576 . 10:95

20  1.651 673 . 11.30 515 ~ 10.69
©1.778 . 628 11,13 usy ~ 10.44
1.905 581 10.97 393 16.13
. Referring now to Fig. 3, there is shown an enlarged’

view of a box end 12A including hard facing material 32 Y

26 ' provided at the inner end of the box tool joint and
extending in finger-like projections 34 onto portion 18A.
Fig. 3 shows that the invention retains this optional -
feature of hard facing to protect the high wear region
- at the juncture between area 20 and the box end tool
30 joinmt. S . | _ |
' The slope of the conical portion 22 is very géntie;
a slope on the order of 15° has been used. HEretofore,'
in the most similar prior art configurations, angles much
steeper; on the order of 30° have been used. By .
35 providing this relatively shallow angle, this transition
zone has'a.longer axiai“iength. ~In addition, the ends of

‘s e® w
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thefollovmng Table Il (sizes are in cn). Their weights are shown in Tabl
I'V- next followi ng. . TABLE Il String No - Co lars | nvention Menbers
Drill ..Pipe 15 1 10. 48 7. 30

7. 30 5. . 12,07 8. 89 8.89 3 15. 24
10546 - 10.16 4 15.88 11. 43 .

1143 5 - .16.51 12. 7 ©12.7 20 6

18. 42 13. 97 13.97 As defined above, "internedi ate

wei ght" as used herein refers to weightaof the i nventi on nenber W|th

respect to the collars and the dril | pe. | @rtlclar string.: The
fol | owi ng dat ¥he IFRIFRR ALY R 'F feR %:E g:é‘@%sezgg the same

sizes are. notﬁagﬁﬂﬁggga5gntﬁéyc?&w&nx?u%ﬁfﬁnistubuhsitgondzoneh:ch does
not matter since g string i s nA 0 i fferent e
I11:(Units ar gﬁhé‘%&%d"‘a&g"?‘ﬁef at?%o e%ﬁ%'ast +°’t’h ﬁﬁ?@g %&?\t hey have .
been equal i zedtHe Ydwmyesandiametpgd gmodwedcbodyi to36he shahjeh) diameterl3-

Cob ar 65 ek epd slip anq qLOMERS! fea 1ahikb, AE bfbng ,

“N. 4 20. 0 moment of ingextim gbs kept co:z.gtgnt angd po undue stresg 3
10#16 cch‘xc%ntra@fbr@ po:.nts are éﬂeQ’cé@ 39 4 N. A,
N. A 11.43 0 16. 6 10 8 49. 6
N. A N. AAs expla:.ned above, a drill string is ma e up of

different nominal sizes of collars, intermediaté members,
\_ 10 .and drill pipe. Some typical combinations are given in
 the following Table III (sizes are in cm). Their weights
are shown in Table IV next following. '

TABLE IIT | |
'String No Collars  Inyention Members Drill. Pipe
15 1. 10.48 - - 7.30 . 7.30
‘ 2 12,07 . 8.89 8,89
3 15.24  10.16 - 10.16"
L . 15.88  1ll.43 . 11.43
5 16.51 - 12,7 - - 12,7
20 6 18.42 " 13.97 S 13,97

As defined above, "1ntermed1ate welght" as used herein
refers to welght of the 1nventlon member with respect: to
the collars and the drill pipe in a particular string.:The
following data iilustrate- sdme examples. Beéause-ofjuSage,

25 = the'same sizes are not available for all three types of
“tubular goods, which does not matter since a string is
made up of different sizes, see Table III.(Units are
deleted as they are unneeded for the comparison; they . .
have been equalized to the same weight units per unit

© 30 length). | -

ué-’x



) N. A 50.0 _ 19.5 13.34 53.4 N. A
A/ 13.97 N. A 60. 0 24.7 15.85" : 83.8

X N.A 15 = 16.51 92.8 N. A N. A
18. 42 116.0 N. A - N.A. As to material, -no additional-~
teaghing is necessary, as the invention is conpatible with all grades of
steel commonly used in oil field tubular goods. 20° The strai ghts shown
in Fig. 2 indicating the grooves 30 have been slightly exaggerated for
clarity. In fact they may be smald g3 and have a slight concavity. This
curvature i %° that i.t has a zero effect ‘on bendi ng nonent of
I nertia, ané ht that it cannot be seen 25 by the naked eye. Thus,

they are esmn:urwll widerdal |ines. Wilnvenkiomvent iBrihbsPipen descri bed
in detail. dlgmk, it is to (@oliaiksstodfembexs:his detailed description is
by way of exanpl g gy, and thegpfot ectig)rbSO granted ig &9 be limted only
within the scope of the follow:n Tl ai s, 14- CLAINB 1, An internedi ate
wei ght drisl | strit@®Genber to H%g$ﬂter PR in a drill1Q¢#ing between the

collars at the big,gmd and thexsys!| pipe,@t the upperr®ps, said

I nt er nedi at e mel rill stri nmber ing a weigh 5 unit length ;
| ess than that Of ‘t]ré collars Tmre%% t hat of.th:Lud&lll pipe in saide

string, said intlM&li ate wei g39 benber No&l uding a todN.Aoint at each end,®
sai d menber havijng, @38|Ip and qbqgator R4 6§ at one, endlgfslts body portion
adjacent t he tC)%

10 12.07 © bo.6 N.A. . N.A.
12.7 N.A.  50.0 . 19.5 A
13.34 53.4  N.A,  N.A.
13.97 N.A.  60.0 24.7
~ 15.85 83.8  N.A. N.A.
15 16.51 ' 92.8  N.A. N.A.
18.42 . 116.0 N.A. | N.A.

As to material, no additional teaching is necessary,
as the invention islccmpatible with all grades of steel
commonly used in oil field tubular goods. |

20 The straights shown in Fig. 2 indicating the grooves
30 have been slightly.exaggerated for clarity. In fact
they may be smaller, and have a slight concavity. This

curvature is so small that it has a zero' effect on bending _J

moment of inertia, and so sl:.ght that it cannot be seen
25 by the naked eye. Thus, they are essentially chordal
lz.nes. ' '

While the invention has been descr:.bed in detail.
above, it is to be understood that this detailed
descr:.pt:.on is by way of example only, and the protection

30 9granted is to be lim:l.ted only within the scope of the
follow:.ng claims. ’



said slip and elevator area and said tool joint being formed with at Teast

10 ,j'oi nt at said one end, the remaini ng main portion_of said body between @V/
N\

one helical groove, said slip and el evator -area havi nﬁm ﬁ Qi t ha \
thaQE___of the helically grooved main body portion, and ' mm,ﬂmlﬁw
nunmb [

r-of said at |east one helical groove being such th&#t therbendifg
moment* of inertia through said helically grooved area is substantially
equal to the bending nmonment of inertia in said slip and el evator area. 20
2. Adrill string menber accordi ng=t.d%lmim1, wherein said main body
portion is formed with at |east three_of said helical grooves. 3. Adrill
string nenber according to claim 2, WIS, said main body portion is
formed with four of 25 said helical grooves. 4. Adrill .string nenber

east one hel | oal _grdove AR IRETRRALRE Mp it B L | e SR R | al | y
as a chordal | ibee intesfgossdanias 8@y astiing Betwedhetlnxicollassi sk meder
hccording o abitand SHEYE B pinear A dened S0 ERTC |
grdoved area mingermediateniweighty dridlelstxing menkemthayving @ iweighigamert e
sl dped coni cal Rt iIRhgtiPiIbad 1S LR OUE Q0 o1 ) Sl I L, 521 d
coni cal portion, whereby the hendi,ng nonent, of 1 nertia I n_ sai ransition
zone between sm%qup%’rﬁjdéljg\;atﬂipearjéh%ﬁdi Sheing igddy grooved area is
substanti al |y dmtelrredidte weidihty membey ircliudirig a itochiibiit p and 10

el guator area %’Ed éaQ:hsaein%,heéaiuﬁfln{éﬁ&zp %a%n% eaa'slip and elevator

‘ - area at one end of its body portion adjacent the tool

10 joint at said one end, the remaining main portion of
said body between said slip and elevator area and said
tool joint being formed with at least one helical groove,

- said slip and elevator area having a diameter less than
' that of the helically grooved main body portion, and the

15 depth and number of said at least one helical groove

- being such that the bending mofnent of inertia through
said helically grooved area is substantially equal to
the bending moment of inertia in said slip and elevator
area. . _ : - o - :

20 2, A drill string member according to claim 1,
wherein said main body portion is formed with at least
three of said helical grooves. o

3. A drill string member according to claim 2,
 wherein said main body portion is formed with four of
' 25 said helical grooves. '
' k. A drill string member according to any cne of
the preceding claims, wherein the pitch of said at
least one helical groove is such that said groove will

- appear substantially as a chordal line in all planes

30 perpendicular to the axis of said member through said
‘helically grooved area. ' '

LA 1
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rding to any one of 15 the precedifg clalnB rd facing
ear protecting material on the region of juncture lip and, C:
ﬂevator area and the associated tool joint. 8. A dr|II ﬁrln menber
according to claim1, wherein said tool joints are formed separately from
the 20 body portion and are subsequently wel ded onto the ends of the body
portion. 9. A drill string nenbew agcarding to any one of clains 1 to 7,

uner e sai g bodyels 1 B R Yy SRl 0 Sy 2 or 10
said at | easthenpreekeding gladwa,i shewedinh eagid Hedrided lywiarcesedsai d |
gglfvlncﬁlnt gr??\é org%Eng &rt%wsta?'% (y h’ q’term&* f{tél\%k‘%%t drlo}c I tgterlsﬁurgl "
menber to beredasiyedyd gemtdedslicpest mqaét mmtm asidiat dceqs:)fe bi t
CobeEane | o Soe RSl EtaefBpr O el g O
i |l ustrated Where ﬁﬁ ffhdaertia .in: said
transition zone between said slip and elevator area
and said helzcally grooved area is substantially equal
to the bending moment of inertia in said slip and .
10 elevator area and in said helically grooved area. . _ W,
: 6. A drill string member according to claim 5,
wherein said sloped conical ‘portion is at a half angle
of about 15°, _ _
7. A drill string member accordlng to any one of
15 the preceding clazms, and including hard facing wear
- protecting material on the region of juncture between said
slip and elevator area and the associated tocl joint.
8. A drill string member according to claim 1,
wherein said tool joints are formed. separately from the
20 body portion and are subseqnently welded onto the ends of
the body portlon.
: 9. A drill strlng membexr accordlng to any one of

b. ‘driII string'nenber according to claimb5, mher ' 1 d_sl oped coni cal
Atfion is at a half angle of about 150. 7. a@gqstrlng ne .

6 &N

claims 1 to 7, wherein said body is formed integrally -/
with said tool joints. :
25 10. A drill string member according to any one of

the preceding claims, wherein said at least one helical
groove is wound right handed, whereby said helical groove
tends to screw the drill bit at the lower end of the
string down into the borehole.

30 11. An intermediate weight drill string member to be
interposed in a drill string between the collars at the bit
end and the drill pipe at the upper end, such drill string .
member being substantially as hereinbefore described with
reference to, aﬁd_as illustrated in, the accompanying

35 drawings.
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