WO 01/85371 PCT/1L01/00272 1 TOOL JONT FIELD OF THE | NVENTI ON The
present invention relates to a tool joint enploying threaded coupling to
be used iwopsasisrcul ar in cutting tool assenblies enployi ngcoitdi@oent heads
that are wused on a single tool holder. 5 BACKGROUND OF THE | NVENTI ON Tool
joints with male and femal e nmenbers enpl oyi ng threaded coupling are known
inthe art. Such a male nenber usual |y lconprises an external thread portion
that matches a corresponding internal thread portion in the fermal e nmenber.
An 10 exanple of such a tool joint coupling nmechanismis disclosed in US
Patent No. 5,114,286. As shown in 286, a nmale coupler (11) is axially
aligned with a female coupler (13). The male coupler (11) has a helical
mal e thread (21) which is sized and shaped to match a correspondi ng
helical fermale thread (23) in the female coupler (13). A disadvantage of

t he coupling nmechani smof the kind described is 15 shown schematically in
Fig. 1 (and shown clearly in Figs. 1 and 5 of "286). It involves the fact
that forward to the forward nost thread crest 14 of the male nmenber 12
there is formed a narrow neck portion 16 which weakens the forward end of
the mal e nenber. The tern1"narromqqﬁ§§ Fﬁpn" refers, herein, to a
section of the male nenber havin i ame equal to the root dianeter of
the thread. WD 01/85371 PCT/1L01/00272 2 Anot her probleminvolved with
such tool joints relates to the fact that the forward nost thread crest,
and, also the rear nost thread crest, are inconplete, having narrow ng
runout portions at their open ends. This is clearly shown, for exanple, in
Fig. 2 of US Patent No. 1,407,335 to Reynolds. Such narrow end

FIELD OF THE INVENTION
The present invention relates to a tool joint employing threaded coupling to
be used in particular in cutting tool assemblies employing different heads that are

used on a single tool holder.

BACKGROUND OF THE INVENTION
Tool joints with male and female members employing threaded coupling are
known in the art. Such a male member usually comprises an external thread portion
that matches a corresponding internal thread portion in the female member. An
10 example of such a tool joint coupling mechanism is disclosed in US Patent No.
5,114,286. As shown in 286, a male coupler (11) is axially aligned with a female
coupler (13). The male coupler (11) has a helical male thread (21) which is sized
and shaped to match a corresponding helical female thread (23) in the female
coupler (13). A disadvantage of the coupling mechanism of the kind described is
15 shown schematically in Fig. 1 (and shown clearly in Figs. 1 and 5 of ‘286). It
involves the fact that forward to the forward most thread crest 14 of the male
member 12 there is formed a narrow neck portion 16 which weakens the forward
end of the male member. The term “narrow neck portion” refers, herein, to a section

of the male member having a diameter equal to the root diameter of the thread.



5 portions are too weak to transfer axial |oads between the nale and fenal e
menbers. A solution to the problemis disclosed in US Patent No. 4, 735, 537
to Rath, woki/gis7t eaches how to reduce the narrow neck porepcDILOLIOM7T2he

t hreaded portion of the male nmenber of 537, the inner end portion of the
thread has its full dinmension alnost to the point where it term nates.
This enables the transition section toZe 10 nade shorter. It is the

obj ect of the present invention to provide a tool joint with male and

femal e menber %rgﬁ‘l‘[{% e&o%%lﬁhhogl&ﬁr& ﬂssuc tﬁ@f gcn{l{]hl%lﬁtgg ¢59Rc | 'fQ ORED o} 6 ei of

mal e nenber an nmenber conventlona run

i nconpl e‘f@fwaﬁfﬂol%%stsﬁ%hd)rbrezith%&bﬁlswﬂh\é' f@af‘gnéstsﬂh%écﬂ:re%ﬂda&t frfé@ﬁ?pi’let%om
joint. 15 SUWARY OF THE | NVENT I'n accordance with the present ‘| nvention

t her e i shpviogi nimloxalrtgmlnqtmlpurtloimut migeinpaxiehdd abklisciongleardy ngoanirgbe
menber and a femal e nenber; the mal e nenber having an axis B and

conpri si Ayampio ia Wl & 96dyS gértenioNo. dmth3Halte %@U}ﬂldmg Spht n@nO\pIr@}(bctl ng

e 15 TP RO REELL g IR TR BT BT S "
threaded por {1,000 LT AAHLNofenf L SRS 11 pLLFAAS 59 %s9qo§iathhe

mal e coupling portion havi termnating in’a orvvar end part

adj acent wifién {QCHES Bowab trédl(be%e hﬁﬁo%&k%%ﬂbh N@n tt&%ﬁééﬁé ibR oR tHear
end part adjacent the rear end of the rear portion of the l e coupling

por ti on, mdie hénbad ofiay3 hgtheninnet endgsirtbe «fetie thicadf hamiitk ofuth diepd3idiet ween
the forward and rear end parts; WO 01/85371 PCT/1L01/00272 3 the forward
end part abhosthie thierpeidt stherhiat mmenfd@i;ple‘g epables die ranpigion sectippdd boot
havi n% aH}/a X ?ll(o)lrtgr depth gradual ly decreasing froma depth equal to the
It is the object of the present invention to provide a tool joint with male and
female members having matching threads in which the threads in both the male
member and the female member do not have the conventional runout of incomplete
cross-section, thereby providing a shorter and stronger tool joint.
15
SUMMARY OF THE INVENTION
In accordance with the present invention there is provided a tool joint
having an axis A and comprising a male member and a female member;
the male member having an axis B and comprising:
20 a male body portion; and
a male coupling portion projecting rearwardly from the male body portion,
the male coupling portion having an unthreaded forward portion adjacent the male
body portion and a rear threaded portion terminating at a rear end;
the threaded portion of the male coupling portion having a thread
25 terminating in a forward end part adjacent the forward portion of the male coupling
portion and in a rear end part adjacent the rear end of the rear portion of the male

coupling portion, the thread having an intermediate section of uniform depth between

the forward and rear end parts;



uniformdepth of the thread to no depth; the rear end part of the thread of
the mal e coupling portion being a thread 5 crest having a vari abl e hei ght
gradual | waenssasi ng from a hei ght equal to the uniform Bepiiniehzzhe
thread to no height; the femal e nmenber having an axis C and conprising: a
femal e body portion; and a female coupling portion conprising a bore for
accepting the male 10 coupling portiod, the bore extending rearwardly from
a front surface of the fenale nenber towards the femal e body portion, the

bore having an URtNEEAARS chiRY Of IROULAN 0P IARE] cf)gﬁg%gagiooﬁfﬁéiﬁg% and a

rear threaded portion termndating adj acent the ema ron? the

t hr eadedtheid iroit Rdvibha Jammie d@pmpgﬂamalgﬂabmasiﬂg\ﬂdiﬂ Adémheafhal 1S the
termnating in a forward end part adjacent the unthreaded forward portion

of the - fipifaime deptlpdfithg thpoad icomo deygthi n a rear end part adjacent the fenmale
body portion, the thread of the female coupljng portion _ having an
i nter nedi at e sectheoi¢apendupar afiibe thrspdiaf theamaler &uipliagPostaen seingrethreadad of

the f I | i havi th. I i f dept h; 20

e | Brobikaf BRBL ARG RRLATE 8 SR nTRE whehl S it BRI, 2

t hr ead CH@@&; dﬁﬂé Pgegd %)al{d ﬁakﬁt'hei ght gradual |y decreasing froma hei ght
t'he ept

equal to uniform o’no height; the rear end part of the thread

of the femal gheCRiRIE A@NRE hhGing@i 436k @ ahlrc®afprisi@et having a variable depth
decreasing froma depth equal to the uniformdepth of the 25 thread to no

dept h; wherein, apenakhodsdedticoupdi ng of the mal e and fenmal e nenbers to
forma tool joint connection, the threaded portion of the mal e nenber
engages the thr ead&malporaupbngoporties cenprisingedrbeore fap aagepsng ithe male

PCT/ ]‘IIOOI/cggp 17n2g pg'rtion, the bore extending rearwardly from a front surface of the female

member towards the female body portion, the bore having an unthreaded forward
portion adjacent the front surface and a rear threaded portion terminating adjacent the
female body portion;

the threaded portion of the female coupling portion having a thread

15 terminating in a forward end part adjacent the unthreaded forward portion of the
female coupling portion and in a rear end part adjacent the female body portion, the
thread of the female coupling portion having an intermediate section between the
forward and rear end parts, the thread of the female coupling portion having a depth
equal to the uniform depth;

20 the forward end part of the thread of the female coupling portion being a
thread crest having a variable height gradually decreasing from a height equal to the
uniform depth to no height;

the rear end part of the thread of the female coupling portion being a thread
root having a variable depth decreasing from a depth equal to the uniform depth of the

25 thread to no depth;

wherein, upon threaded coupling of the male and female members to form a tool
joint connection, the threaded portion of the male member engages the threaded

portion of the female member;



the forward end part of the thread of the male coupling portion and the
forward end part of the thread of the femal e coupling portion have a gap
bet ween waemnssfia first angular extent; and the rear endr@miItoloh272he
thread of the male coupling portion and the rear end 5 part of the thread
of the female coupling portion have a gap between them of a second angul ar
extent. In accordance with a preferred4enbodi ment of the present invention,
the male body portion further conprises a rearwardly facing annul ar

shoul der adj acenty, t %?te i f . CO i.n
menber and the f%hoen?ﬁ‘sﬁwtggg 0 gﬁeﬁ)er %%zje?rg:iﬁaé irqr{e]dl_ &P @gng%xglro\%a% ;t/h?gaci ng
annul ar - shudrdlend ofhiBE ehiRad WIAHe tBMARASSL RSP diBn Havehe iR IR nRBch
femal e menbers to forma tool joint connection, the annul ar “shoul der of

t he mal ethzolyf pdirst amgubdbektent;lmmdannul ar  shoul der of the femal e body
portion. Further in accordance with a preferred enbodi nent of the present

15 invention, ththaneaherbhpat of dreihraadpdithe snlotouptiagmsiréorn asupthergapend i on
is frustoconical in shap rearwardly tapering towards the rear threaded
bor 1 8n BRCORATE Har e SOBITE G oY G PIHETT W ScE4h Bt aan FEhar & SBEd on of
t he bore |l e coupling portion is frustoconical in shape,
rearmrd?@élf]gg%t:éﬁgat owards the fenmale body portion; and 20 wherein, upon

threaded coupl i ng, gtcdrBgnd®ivthal BrdfeBd @niRARRES dOtht BBt if@dntionOkik
connection, the unthreaded forward portion of the male coupling portion

abuts t helebblly padeeh fustheacsnpasdsiaoraniardhefatRigalndutaryhbuldgr pdintémnhe
Typically, the first angular extent is in the range of 20 to 90.

Pr ef er abhygthrededfforsardaprgtipaiof dxa male ¢euphng membgpanhtheyfrontsarkee of the

angul ar extent is in the rarg1 e.of 20 t Qg. Preferably, the second angul ar
ext ed0 i &emple memberds Adanve tawelrtg@nplﬁ)aéss AEldERivBAt i on, the forward and

rear end par b oin, i AR QoA R0, BBL Pk ARUR] B8 A0R0EATD HAKE BB
joint connection, the annular shoulder of the male body portion abuts the annular
shoulder of the female body portion.
Further in accordance with a preferred embodiment of the present
15 invention, the unthreaded forward portion of the male coupling portion is
frustoconical in shape, rearwardly tapering towards the rear threaded portion of the
male coupling portion and the unthreaded forward portion of the bore of the female
coupling portion is frustoconical in shape, rearwardly tapering towards the female
body portion; and
20 wherein, upon threaded coupling of the male and female members to form a tool
joint connection, the unthreaded forward portion of the male coupling portion abuts
the unthreaded forward portion of the female coupling portion.
Typically, the first angular extént is in the range of 20° to 90°.
Preferably, the first angular extent is 70°.
25 Typically, the second angular extent is in the range of 20° to 90°.
Preferably, the second angular extent is 70°.
In accordance with the present invention, the forward and rear end parts of

the male and female threaded portions each have an angular extent in the range of 5°

to 30°.



to 30. WD 01/85371 PCT/ 1L01/ 00272 5 Preferably, the forward and rear end
parts of the nale and fenmal e threaded portions each have an angul ar extent
of 15. Typbonsidyy the mal e nenber is made of cenented carbCTaLanK7T2he
female nenber is made of steel. 5 In accordance with the present
invention, during the threaded coupling of the male and femal e nenbers the
unt hreaded forward portion of the mal eScoupling nenber abuts the

unt hreaded forward portion of the femal e coupling nenber before the

annul ar shoul der iR [ he nul shoul der of the
femal e body porF?‘%ﬁgaB%Oﬁgre erg‘%fl@?%ﬁﬁ%ﬁdﬁ%&%?ﬁglggee%mfgemﬂ?gmﬁg%c?on of
the mal epeAtddsicash hd@! i gﬁg&g@&eﬂtquﬁni tial contact with the unthreaded

forward portion of the female coupling portion the annul ar shoul der of the

mal e body porti oflypisapabednalednsinbace madé droehfeateancutbale gfiotedRmadé t he
femal e body portion. Typically, the distance L lies in the range of 0.1 to
0.6 mm IBMberagawdaahsechi th a preferred enbodi ment of the present

i ion, th i L | 0.3 | d ith a. d

embodPrent of t hbh BGUGRISEI HURARS BIESCRTEYeR AT mgrbG (WERde) COWRingapt. body
ti d | . i )

ber pend £ et ot el BORBeE e M hitfiac® e d Hof BEMERUES Svrtine, o o

body por hicpib@nhut@eammtedded fIEEBErRN dMBe ff@l‘ﬁﬁieec&?m’lg%élhb&nbﬁf)?e

ground. Further typically, the unthreaded forward portion-of the nale

coupl i ngthepomuilarshaoklet bEthenhble dade pokwsmatids far drinatarchotilder Hetwl femataipl i ng
portion are ground. Still further typically, the thread portion of the
mal e menbedy pertipnound. 25 Preferably, the unthreaded forward portion of the
el e180upl 'ng pof’}reifgrrzllbly, when the unthreaded forward portion of the male coupling
portion comes into initial contact with the unthreaded forward portion of the female
coupling portion the annular shoulder of the male body portion is spaced a distance L
from the annular shoulder of the female body portion.
Typically, the distance L lies in the range of 0.1 to 0.6 mm.
15 In accordance with a preferred embodiment of the present invention, the
distance L equals to 0.3 mm.
In accordance with a preferred embodiment of the present invention, the
annular shoulder of the male body portion and the annular shoulder of the female body
portion are perpendicular to the axis A.
20 Typically, the annular shoulder of the male body portion and the annular
shoulder of the female body portion are ground.
Further typically, the unthreaded forward portion of the male coupling
portion and the unthreaded forward portion of the female coupling portion are ground.
Still further typically, the thread portion of the male member is ground.
25 Preferably, the unthreaded forward portion of the male coupling portion
taper at an angle al with respect to the axis B, the unthreaded forward bortion of the
female coupling portion taper at an angle o2 with respect to the axis C, the angle al

being equal to the angle o2.

Typically, the angles al and o2 are in the range of 2.5° to 3.5°.



taper at an angle al with respect to the axis B, the unthreaded forward
portion of the female coupling portion taper at an angle a2 with respect
to the aw@ogssthe angle al being equal to the angl e a2. pdypiaaabizng, the
angles al and a2 are in the range of 2.5 to 3.5. WD 01/85371 PCT/1L01/ 00272
6 Further typically, the angles al and a2 are 3. Optionally, the angle al
is greater than the angle a2 by 0.25. Bn accordance with a preferred

enbodi ment, the thread portion of the nale nenber and the thread portion

f the f | . ingle i 200 BRI EF DESCRI PTI ON OF THE
R LG e

DRAWNGS For a b an e present invention and to show

how t he sane nmm A i t4 r.ef hdd now be made to
DpEenSY, th@gﬁl%ef%. 18 PEAGIhEL the IR 6255 d%% .

t he acconpanyi ng “draw ngs, iC Ig. 115 view of a nale
menber of a pri ofn agdordmephiing apeefeat eMbddigient? tHeStheeddepsities oif Yige Magw of a
cutting tool enploying a tool joint according to the present invention;
Fig. 3 i smeambanapHdbiethreadportidbntof¢ha femdlemendwlr aof a Fingle Rad Birgadsd i s a
perspective view of the male nenber of Fig. 3 showing the forward 15 end
part 8f the thread; Fig. 5is a perspective view of the mal e nenber of Fig.

2, Show ki LR IR DERPEDRRGGT LS 0! 0,2, ParLi 2l perspectve
e 3o SRR RS SHESHLR RIS IR i
cr oss=segaidyobélcatti@ivolekepradtice, péferecpasil AOwt be aygle thehexdomplyinde
drawings, in which:
10 Fig. 1 is a side view of a male member of a prior art coupling mechanism;

Fig. 2 is a perspective view of a cutting tool employing a tool joint according to
the present invention;

Fig. 3 is an exploded view of the cutting tool of Fig. 2;

Fig. 4 is a perspective view of the male member of Fig. 3 showing the forward

15 end part of the thread;

Fig. 5 is a perspective view of the male member of Fig. 3 showing the rear end
part of the thread;

Fig. 6 is a partial perspective view of the female member of Fig. 3 showing the
forward end part of the thread;

20 Fig. 7 is a partial perspective view of the female member of Fig. 3 showing the
rear end part of the thread,;

Fig. 8 is a cross=sectional view taken in a plane passing through the axis A of the
male and the female members when the unthreaded forward portion of the male
coupling portion comes into initial contact with the unthreaded forward portion of

25 the female coupling portion;

Fig. 9 is a cross-sectional view of the tool joint of Fig. 2 taken in a plane passing
through the axis A;

Fig. 10 is a partial side view of a male member with a thread according to prior

art;



mal e and the femal e nenbers when the unthreaded forward portion of the male
coupling portion cones into initial contact with the unthreaded forward
porti on o¥ooR8&3rhe femal e coupling portion; Fig. 9 is a crOops:EMoI20Nal
view of the tool joint of Fig. 2 taken in a plane passing through the axis
A, Fig. 10 is a partial side view of a_male member with a thread according
to prior art; WD 01/85371 PCT/1L01/00272 7 Fig. 11 is a partial side view
of a male member with a thread accor di ng to the present invention;, Fig. 12

is a rear \Flgwrlrgf GNar fﬁd?ﬁ\ﬂg\? 09%91‘(‘{]. :iﬂelﬁb%llw?‘th a Fir@ad jagcé)r?hr?%%?ﬁé vi ew

of the fenal er s IS a cross-sectional Vview
of the rrgf@;ememeﬁu@mgaged W th the femal e nenber taken in a plane Xl V-XV
in Fig. 9; and Fig. 15 is a cross-sectional view of the nmal e nenber engaged
with the fdfigl 82 imendsevidvakéthd make plearber Xhvovdv in Hidrilg. 9 10 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON_Attention is drawn to Figs. 2 to 11. As shown,
a tool joi Aig2b3 kaw fiegt Hiew @fm@ietf@ma#ameameg Sh@‘dbrmﬁl% 5 a mal e nenber 22

and a_f ennl Accor CI fic lication o resent
el on Higo1ggs1a fr8ﬁ$nse%mag (o iR SREE e fp A Bhetit dae Bb e, oA ot he
mal e e ehn&?zrthﬁ rpﬁldf Ggﬁpg&lgplm lgo?r%) dzle and constitutes a cutting

head and is ma ools steel and constitutes a

hol di ng shark. 13he a”@ﬂo@s g@dmﬁm GEWRT the 11%19'1ﬁélﬁb91alen§zi§eﬁ With&hPqdaRor tion
26 and a cotupling portion 28 projecting rearwardly f the rear end 30 of

t he body npibéranker2in a ph@eH{VUXVundigf 9t he body portion 26 is not described
since it is not an essential 20 feature of the present invention and it can

be of any desired shape. The rear end 30
10 DETAILED DESCRIPTION OF THE INVENTION

Attention is drawn to Figs. 2 to 11. As shown, a tool joint 20 having a
longitudinal axis A comprises a male member 22 and a female member 24.
According to a specific application of the present invention, the tool joint 20
constitutes a cutting tool assembly where the male member 22 is made of cemented

15 carbide and constitutes a cutting head and the female member 24 is made of tools
steel and constitutes a holding shank.

The male member 22 has a longitudinal axis B, a body portion 26 and a
coupling portion 28 projecting rearwardly from the rear end 30 of the body portion
26. The structure of the body portion 26 is not described since it is not an essential

20 feature of the present invention and it can be of any desired shape. The rear end 30
of the body portion 26 comprises a rearwardly facing annular shoulder surface 32.
The rearwardly facing annular shoulder 32 has rotational symmetry about the axis

B, and is perpendicular thereto.
The coupling portion 28 has an unthreaded forward portion 36, adjacent the
25 male body portion 26, and a rear threaded portion 38 terminating at a rear end 39.
The unthreaded forward portion 36 of the male coupling portion comprises a
frustoconical surface 40 that is rearwardly tapering towards the rear threaded

portion 38 and is slanted at an angle a1 with respect to the axis B. The angle al is



of the body portion 26 conprises a rearwardly facing annul ar shoul der
surface 32. The rearwardly facing annul ar shoul der 32 has rotational
symet ry vebousssvhe axis B, and is perpendicul ar thereto. PThvaELaouRi ng
portion 28 has an unthreaded forward portion 36, adjacent the 25 male body
portion 26, and a rear threaded portion 38 termnating at a rear end 39.
The unt hreaded forward portion 36 of tiBe nale coupling portion conprises a
frustoconical surface 40 that is rearwardly tapering towards the rear

i o . PHRCAG DO B -1 FBas7 hedtaRui G Brare st Rl b e
f - ' - f d enbodi f th
 nvent ?oﬁ?éfﬂ%'%gﬁgﬁ?%mﬁﬁg bl AT B © i caded portion 36 of the coupl i ng
. 28 . . . . .
Phe. 1 orward polei At SReared psTilh o bt Rofalifh dRefof Bh P 5 fRe28807 e
part 43 f'é}hﬁ‘?;?tgﬁr% Erg% fi)lflgrﬁgcﬁ By g)%atgji}tlta ?acreﬁfaﬂ{epﬁ{rw ?d; éﬁi@r{ 36N6r ff%gl%g}e

coupl i ng pori rea as’an | nterne secti on

uni f oem Ween for &{adg 4t : e t.nnd3.
Siml| grl 38‘9}%1?}? P?\t er rr%girhgltdeﬁs%?%%on 4 Qﬁgg @?ﬁ‘?é&?ﬁ%@i ngt gﬂq’fm.&é arl S
equal topohnﬁl 3Bi HOFHE Aem '&oﬁPHln%"mo?t}f'oﬂ s8defiingedrdsi #hendsa %teﬂhéafa{ﬁence
bet ween the crest 10 and the root "of the thread. The thread 46 has a | ead

angl e a BRARI 49 oMnifor@S@GRh betWedh McafRwRRT &?c[‘?iaﬁuilaﬁn& ohd ha%r%iﬁ'tlg)a%
Typically, the lead angle is in the range of 4 10 5. The thread 46 has a

trapeze qBOSSinfiRehi eHaInt&RERR8sEEiSPYSTRE aqtdfsym h&ighPhd@hidPisaRialtd
narrow neck portion adjacent the forward portion 36 of the male coupling
portion #& thgoehydepdalkediwigichhe detined mentherradia) differehoe \watvdeeantheparest 15 41
of the thread 46 is, as best seen in Figs. 4 and 5, a thread root 48 having
a vdoi abhé tldepidt ofrtheltiadehy. déertheesidrdp haomleaddalé ceqeabured witle respietor m
depth of the thread to no depth. Simlarly, the rear end part 43 of the
t hread 46 aplane perpemdiculasto tHe0axiaB. nfly@icaldy, ithdlaadremiglhis igrthd uageyof 4°
decreasing froma height equal to the uniform

to 5°. The thread 46 has a trapeze cross-sectional shape with rounded edges. In

order to avoid a narrow neck portion adjacent the forward portion 36 of the male
coupling portion 28 thereby weakening the male member 22, the forward end part
15 41 of the thread 46 is, as best seen in Figs. 4 and 5, a thread root 48 having a
variable depth gradually decreasing from a depth equal to the uniform depth of the
thread to no depth. Similarly, the rear end part 43 of the thread 46 is a thread crest

50 having a variable height gradually decreasing from a height equal to the uniform
depth of the thread to no height.

20 A further thread property of relevance to the present invention is thread
thickness T. The thread thickness T is defined herein as the maximum thickness of

a crest measured along a line making an angle o with the axis B.
Fig. 10 shows a prior art thread on a male body 80. The thickness of the
thread is constant up to a point P1 where the thread reaches the rear end 82 of the
25 male body 80. From the point defined P1, the thickness T of the thread gradually
decreases till it becomes zero at the point P2. The portion 88 of the thread between

points P1 and P2, having a height h along a major part thereof, cannot be regarded



depth of the thread to no height. 20 A further thread property of relevance
to the present invention is thread thickness T. The thread thickness T is
defined Ivweoei/gs3as t he maxi numt hi ckness of a crest neasupedialionzyza |ine
maki ng an angle a with the axis B. Fig. 10 shows a prior art thread on a
mal e body 80. The thickness of the thread is constant up to a point Pl
where the thread reaches the rear end 8 of the 25 male body 80. Fromthe

poi nt defined P1, the thickness T of the thread gradual |y decreases till it
becones r ' P o] e tween 0| nts
P1 and P8 BaCliee® BRCD d7E sipge P3¢ b eBReRe sl Bl Gt BEr g

VO 01/ 85871 rea#%/&ﬁ%ﬁ@ &ﬁ‘nd;ﬁ@teefﬂr?ﬁ'tra n@?‘%ﬂ| 88 s BarP hab Larl anélllar o1 o

i ncorrpl ete t I't cannot adequate can t

thread. Thenp@ Q‘&%h%@vlﬁsdéableﬁlelaaﬁ an eﬁ@q}f%@rof L@ adotl{a@oé)rl ol gF

viewed in an end view of the thread that or commn use

is in thgssRNga élé@% hpu?e?{e)ang@%rcrezm' tggﬁohe GS:E&&mn%WB%%hM?“5ff%&'iveead

"inconplete threa and conpl ete threa reference 1I's nmade

" Machinetread Harfitwoatpléle ttheaty thdt Ne@dplet®nthredd¥9brefbieaust ig alna&’é efs

Inc., New York, pp. 1631-1634. Despite the fact that the portion 88 cannot
transf er “Myabingsy s Hdandizoko?5 twentycofthlesliteort hrl®26, Irachurialhiiness bne, New i s
unnecessary, it still has a height h along a 10 najor part thereof. This
means, t H&tK\itrerd 08 hel 63t e body 80 is engaged within a correspondl ng female

Doy, (0 SN2 B RS T b B, o B ST o B
2?2?2%?%@3%%@@52&%92 cRPhet rdiscraRh o Sulichanciaii h £RBE G esent
the g8 nidsd’ PBR GRECE, i sibartntodf mqﬂuc% Balsopdy 80Ci BkeF0fHa < poi ne
i s B 1 ArEhdrth R PR GodPihdomiey, HRRl Tondl Uef) RARRREICL IR "
portion YZeiving the portion 88. Such a female thread, that does not transfer load is also
unnecessary and weakens the female body.
In order to overcome the aforementioned disadvantages, the thread in
15 accordance with the present invention is, as shown in Fig. 11, produced without the
portion 88. From the point P1, on the crest 50, the thread gradually decreases to the
point P3 through an intermediate portion 92. The point 90 is distanced from the

axis B the same distance as the root 48 does. Usually, the intermediate portion 92

has ban angular extent 01 of less than 30°, and typically having the value of 15°.

20 According to a preferred embodiment of the present invention the male member is

made of cemented carbide and the thread is produced by grinding. The angular

extent 01 of the intermediate portion 92 is determined by the radius of the grinding
wheel used.

The principle described above, with the respective changes that have to be

25 made, is applied to both ends of the threads in the male and female members of the

invention.



has an angul ar extent 01 of less than 30, and typically having the val ue of
15. 20 According to a preferred enbodi nent of the present invention the

mal e meniveo 0i/gs37made of cenented carbi de and the thread i BCpiiadwerd by
grinding. The angular extent 01 of the internediate portion 92 is

determ ned by the radius of the grinding wheel used. The principle

descri bed above, with the respective changes that have to be 25 made, is
applied to both ends of the threads in the nmale and fenmal e nenbers of the

i nvention. S%e pr%seng[éfjeh%y e%(ﬁgﬁﬁpof\ﬁl%\(}gggdﬁrﬁg u]i\%n?loﬁrﬁl eSeh ardly

enbodi nent of Invention e rear cl ny annu

shoul der f2dne thRuldrUsiREAH 32' t@?ﬁ@?&oﬂ%a@%@rﬁ@@ 461 @dth‘é6tl'ﬁé£d 49 qund.

The femal e rrenber 24 has a longitudinal axis C, a si e peri pheral surface
5 58 andgpoudndont surface 60 connected to the side peripheral surface 58.
The front surface 60 has a ring shaped axially directed abutnent surface
62 that has r dhatfeorndd meaybere24 haalolongithdinak agis@Caadids ppapheantisatthes
thereto. A bore 64 extends rearwardly fromthe front surface 60. The bore
64 consOBtatces faortouyfacagpPpepnngnted 9o dlic shle pariphleealnemtaee 381d The fronwar d
to a female 10 body portion 61. The bore 64 has a forward portion 66 and a
rear por sidaces80 hahe ring shapdd parallyodirgsed obpnicge sufade 62 thatdmisaatationaf ace
70 rearwardly tapering towards the female body portion 61 and slanted at
an angl esyRnyitnhabal tee axis € ané is peipsndicutpngherpigl e a2 is in the range of
2.5 to 3.5. According to the present invention, the angle a2 is preferably
3. The rear pé¥ thosh %beﬁwda Itenr\é@rdllwzfromrh@elﬁmhrsa@facerﬂqasT@ oz &k
cross-sectional shape with rounded-edges that mates with the thread 46 of
the mal ecopsiidies arprupmeeRetion i%pﬁihﬁafqm@e inergberognghisafosargto o femle

adj acent the forward portion of the female coupling portion 59 and in a
r ear 10enBOfRPOTE Qi aJ?,lEnl?or@réP hasrafervse \posaen B6ransha reﬁwom%é%- 7bhéhas an

i nternedi.ate
torward portion 66 comprises a frustoconical surface 70 rearwardly tapering

towards the female body portion 61 and slanted at an angle a2 with respect to the
axis C. The angle a2 is in the range of 2.5° to 3.5°. According to the present
invention, the angle a2 is preferably 3°. The rear portion 68 has a thread 72. The
15 thread 72 has a trapeze cross-sectional shape with rounded-edges that mates with
the thread 46 of the male member. The thread 72 terminating in a forward end part
63 adjacent the forward portion 66 of the female coupling portion 59 and in a rear
end part 65 adjacent the female body portion 61. The thread 72 has an intermediate
section 67 of uniform depth between the forward end part 63 and the rear end part
20 65. The thread 72 has a lead angle o the same as the lead angle of the thread 46 of
the male member. As best seen in Figs. 6 and 7, the forward end part 63 of the
thread 72 is a thread crest 74 having a variable height gradually decreasing from a
height equal to the uniform depth of the thread to no height. The rear end part 65 of
the thread 72 is a thread root 76 having a variable depth gradually decreasing from a

25 depth equal to the uniform depth of the thread to no depth.
In order to assemble the tool joint the male member 22 is mounted in the

female member 24 and rotated relative thereto with the male thread 46 engaging the



section 67 of uniformdepth between the forward end part 63 and the rear
end part 20 65. The thread 72 has a |l ead angle a the sane as the | ead angle
of the tiweadssél of the nale nenber. As best seen in Fi geCcT/@Loand27Z, the
forward end part 63 of the thread 72 is a thread crest 74 having a

vari abl e height gradually decreasing froma height equal to the uniform
depth of the thread to no height. The ftar end part 65 of the thread 72 is
a thread root 76 having a variable depth gradually decreasi ng froma 25
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femal ety qad ﬁgslhﬁﬁeltlﬁeetrﬁrova‘ﬂ@l kactugg/' an'h{l ts@ﬁ) e?a%ur rf§§ s4ha20gEs | nto

initial contac ust oconi c sur ace 'S p05| tion, the

rear var dlgyed e ngfr&mﬂleaarbuﬁh&w gﬁfacwi PR ﬁ% E TR tﬁ Lq %%;ﬁ%l?y by f rom

t he abutnent surface 62 (see F pi ca In’5 the

range 50f (K& faig® bo (01 GnAMo Moﬁﬂlﬂ n%dd@r@mgrt@f g Apr eférﬁmb@ﬂlﬂbaaﬂhemf of ffige
present invention, the length L equals 0.3 mm According to one enbodi nent

of the ppmentmvlanamnhelertgnlelséqlmls asghen.a 1 of the frustoconical surface
40 is equal to the slant angle a2 of the frustoconical surface 70. Thus,
it is ensuredAdatdihgtd ohe esiteckimenadf therfrasmes idhdnaiod, He damearighé o 116f f ul |
contact with each other. According to another enbodi nent of the present

i nventi othe ffhstsoaidal angfaee a0l iofeqihle td nhiststm@ningdd csdirdfathe Alstosogicaht er
than the slant angle a2 of the frustoconical surface 70 by 0.25. In

accor daneerfuéd B0t Hihwmis, & nbeiuredthat botls frapeuoridal hatacehd0i and 7@ osenhact

bet ween both frustoconical surfaces 40 and 70 is nade at their front

por t i16ns fulherositact i wtheeashngthehe Acgonding tofanolert gobodisngnoi ot then présent

forward connection portion between the nale nmenber 22 and the female

nmenber 2nvesgont the daguingds od o ff the dnaocondeal lverfagadan gresterithee tigoslant

Followng the initial contact between the frustoconical surfaces, the nale
angle a2 of the frustoconical surface 70 by 0.25°. In accordance with this
embodiment it is ensured that the initial contact between both frustoconical surfaces
40 and 70 is made at their front portions thereby increasing the rigidity of the tool

15 joint in the forward connection portion between the male member 22 and the female

member 24 near the shoulder surface 32 and the abutment surface 62.

Following the initial contact between the frustoconical surfaces, the male
member 22 is forcibly tightened against the female member 24 till the distance L is
reduced to zero and the annular shoulder 32 of the male member abuts the abutment

20 surface 62 of the female member. By bringing into abutment the two surfaces 32
and 62, the frustoconical surface 40 of the male member causes a small radially
outwardly deformation of the frustoconical surface 70 of the female member. The
deformation is enabled due to the relative thinness of the wall of the female member
in the region of the frustoconical surface 70.

25 When the male member is fully engaged with the female member, the axes

A, B and C overlap, the forward end part 41 of the thread of the male coupling

portion and the forward end part 63 of the thread of the female coupling portion



menber 22 is forcibly tightened against the female nenber 24 till the
distance L is reduced to zero and the annul ar shoul der 32 of the nale
menber alwoe1/833e1 abut nrent 20 surface 62 of the fenmal e nenber/ILBwolmi ngi ng
into abutnment the two surfaces 32 and 62, the frustoconi cal surface 40 of
the mal e nenber causes a small radially outwardly deformation of the
frustoconi cal surface 70 of the femal el?2renber. The deformation is enabl ed
due to the relative thinness of the wall of the female nenber in the
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ensures rigidity in the 10 periphery of the contaCt area between the nale

and fenah@gmgﬂ‘@ﬂeﬁts akBgoabut nent between the frustoconi cal surfaces 40 and
70 ensures concentricity between the nale and the fenal e nenbers, and,
furthernore, iThecabutingsit abgwesh athiei ahrfapcgst 38f ahle62 t @isgus aigiditedinbyhé he
femal e menber to the nmale nenber during a cutting operation. The speci al
desi dA opetiplerfyuifl the vgnpeheren tetwoere thet melet dndefetisalofinarhers 5 Tiel abutmeber and
the femal e nenber elimnates relatively weak cross-sections thus

i ncreasi hefweasa et frustosonisalystrfagest 4@ ansb(70j ensures concentricity between the

male and the female members, and, furthermore, it carries a substantial part of the
torque applied by the female member to the male member during a cutting
operation. The special design of the full engagement between the threads of the

15 male member and the female member eliminates relatively weak cross-sections thus
increasing the entire strength of the tool joint.

The tool joint in accordance with the present invention is used for cutting
tools having a cutting head diameter in the range of 6 to 20 mm. If desired, for
increasing the rigidity of the cutting tool, the side peripheral surface of the body

20 portion of the female member tapers forwardly at an acute angle 3 with respect to
the axis C, the angle B being typically in the range of 0° to 5°. When it is desired,
for example, to machine walls of deep pockets, the side peripheral surface S8 of the
female member is made cylindrical having a diameter smaller than the diameter of
the periphery 34 of the body portion of the male member, thereby, the machining

25 depth is not limited by the holding shank.

It is understood that the tool joint of the cutting tool assembly described

above is not restricted to a cutting head and a holding shank. For example, the tool



The tool joint in accordance with the present invention is used for cutting
tools having a cutting head dianmeter in the range of 6 to 20 mm |If

desired, woon1/8isncreasing the rigidity of the cutting tool pcti®190zie

peri pheral surface of the body 20 portion of the fenal e nenber tapers
forwardly at an acute angle (3 with respect to the axis C, the angle (3
being typically in the range of 0 to 513Wien it is desired, for exanple,
to machi ne wall s of deep pockets, the side peripheral surface 58 of the

o At er TP CEh DRy SN 0E GO0 AT i FRb flyihe Hiakscnd

t her eby, fdrh8lcmé&hbBisng 25 depth is not limted by the holding shank. It is
understood that the tool joint of the cutting tool assenbly described

above is not nd#touight e presentcimvention madeaenddeschibkditoga sleaaln dEgrecesfinpl e,
the tool WO 01/85371 PCT/1L01/00272 13 joint can be used as an extension
of any t Rertieedariy, pasheuldobetundgrsteed rihnte variaus fadtesdtiongemsk ngodificationgh t he
present invention has e escr.ibed to a certain degre f .particularity,
P il t0HE" b Beds St ERaH N U0t o8 SPImer siPengt PieckieoHEn & oul «

be made wi.tF ing fromthe spirit or scope of the invention as
hereinafﬁ%%ﬁ%ﬁg?%ggak%k)01/85371 PCT/ 1L01/ 00272 14 CLAIMS: 1. Atoo

joint (20) having an axis A and conprising a male nmenber (22) and a fenmale
menber (24); the mal e nenber having an axis B and conprising: 5 a nale
body portion (26); and a male coupling portion (28) projecting rearwardly
fromthe mal e body portion, the male coupling portion having an unt hreaded
forward portion (36) adjacent



the mal e body portion and a rear threaded portion (38) termnating at a
rear end (39); the threaded portion of the male coupling portion having a
thread (460 o01/437termnating in a forward end part (41) adparamu/ovive forward
portion of the male coupling portion and in a rear end part (43) adjacent
the rear end of the rear portion of the male coupling portion, the thread
having an internedi ate section (45) of14iniform depth between the forward
and rear end parts (41, 43); the forward end part (41) of the thread of the
mal e cough%gghfgrtion being a 15 thread root (48) having a variable depth
ecre

gradual |y asing froma depth equal to the wuniformdepth of the thread

to no depth; IAhﬁ)dlﬁf@ihtgﬂ? RAihg GA 3XisoA énﬂecdlwﬁ}ﬁg%;éfm&l@?ln%bgr('Z%)Qﬂnidncg

portion being a threa rest (50) having a var e height gradually

decr easi fgndleomerabérei2gt equal to the uniformdepth of the thread to no
hei ght; 20 the femal e nmenber having an axis C and conprising: a fenale
body porti onthegnyle rapiaber haing an axisp} pedycooprisiog: (59) conprising a bore

(64) for accepting th mal e. coypling portion, the bore extending
rearwdrdly from éﬁqlﬁﬁPdﬁﬁpﬂ%ﬂgg@}“gof the female menber towards the
femal e body portj t re | 1 f ti (66)
adj acent the f rolﬁﬁﬂglgr @ggﬁgnpd&g&rlggﬁ?ﬁéjggg{e%?%gg?@% t?%ﬁ?ﬁ"gtlﬁrgfr’% tﬁ%@f ng
adj acent pbhRnl BIEANEIARAYIRE Ptttk hdvige A BAYEMATORWAD pRIrtiéh & d) 2R Bnt
coupl i ngpportnl on havi ng al gﬁr ead (‘?}% term natei ng in ﬂ%rv\gﬂ g]raldd r|5art
(63) adj deantletbuelyydrtioranéd réarthandedpoitionr3 8 pfermheatingran b ecaraumdl (30Y
portion and in a rear end part (65) adjacent the femal e body WO 01/85371

PCT/ 1L01/ 00272 & pueadegnporting efhthsamalst cowplirfge partoncbaying rigthyead i(46)

havi an internedi ate sectio (67) between the forward and rear en
partg,% t FEMATEE N2 %varfir?aﬂep dBL) Agiaceyr theo formaud mypraory &l eela@fﬂ to

the unifgp 1&%8@1&&105 M8dfif rav@ﬁrden%rbdarp@lrf) a&ﬁ%éntcme 08 ot Plar E)Hﬁi(;negf’il €

coupl i ng porti
the male coupling portion, the thread having an intermediate section (45) of uniform

depth between the forward and rear end parts (41, 43);
the forward end part (41) of the thread of the male coupling portion being a
15 thread root (48) having a variable depth gradually decreasing from a depth equal to the
uniform depth of the thread to no depth;
the rear end part (43) of the thread of the male coupling portion being a
thread crest (50) having a variable height gradually decreasing from a height equal to
the uniform depth of the thread to no height;
20 the female member having an axis C and comprising:
a female body portion (61); and
a female coupling portion (59) comprising a bore (64) for accepting the
male coupling portion, the bore extending rearwardly from a front surface (60) of the
female member towards the female body portion, the bore having an unthreaded
25 forward portion (66) adjacent the front surface and a rear threaded portion (68)
terminating adjacent the female body portion;
the threaded portion of the female coupling portion having a thread
(72) terminating in a forward end part (63) adjacent the unthreaded forward portion

of the female coupling portion and in a rear end part (65) adjacent the female body



5 being a thread crest (74) having a variabl e height gradually decreasing
froma height equal to the uniformdepth to no height; the rear end part
(65) of tweoisssend of the female coupling portion being apctimoanh27zoot (76)
having a variabl e depth decreasing froma depth equal to the uniform depth
of the thread to no depth; 10 wherein, upon threaded coupling of the male
and femal e nenbers to forma tool joit connection, the threaded portion
(38) of the mal e nmenber engages the threaded portion (68) of the fenale

menber ; s SO A t . g . |

portion gﬁﬁl t éﬁ\@ftfo?rre\%g?odfp gl;?dfeé)]rgd&% c%g@%fpto?{%g@t agfengjgrgflg@k@egfé%?éea%@upl i ng
portion temebawerl h@4orwhid bativwean chieparef the fthicald N Fmsret MpI(HR2) ;
and the rear end part (43) of the thread of the male coupling portiorr and

t he reapogmh fparing @GEeptioéquaheo therasatbraf depth; f enal e coupling portion have a
gap (95) Dbetween themof a second angular extent (03). 2. A tool joint
accordi ng to cl athe forvwakdcadnparh é6hapk thsothreadofitbe femalehepuplpg portm ses a

rearward|y. facjn nnul| houl d g dj h t hi d for. d
bor 1 0 bfingrotich EOREL T TP therrburriaing it EraelE e g g gy ot heiket
femal e (AP I i annul ar shoul der; and wherein, on
threadeg&g%ﬁpt)? fﬂne;u@ﬁﬁg%r%glt%néﬁgi@g’ml eurrenbersut o forma tool | J Oi m)

connection, the gRnéhAEnd b@ﬁgeﬁy opﬂlettﬁ&aﬂﬁiﬁhé’(féiﬁalé%duitpﬁﬁg PoHich b&iagannul ar
25 shoul der of the femal e body portion. 3. A tool joint according to claim

1, wher ethredcheoat (7 6y kndeg afvariableciaptr de@easdi@bfronnh deph svpiabtcthigpinifogm
portion is frustoconical in shape, rearwardly tapering towards the rear
t hr eadeddgphtof dle dread® nmadeptioupl i ng portion and the unthreaded forward

ot g YO 01001 ECUALGHGNEIR 36, (o0l oL o Rore L VIS Lo
the f en'ajlot?mbgo%egg&ri’i B8:thAR8ed portion (38) of the male member engages the threaded
portion (68) of the female member; '
the forward end part (41) of the thread of the male coupling portion and the
forward end part (63) of the thread of the female coupling portion have a gap (94)
15 between them of a first angular extent (62); and
the rear end part (43) of the thread of the male coupling portion and the
rear end part (65) of the thread of the female coupling portion have a gap (95)
between them of a second angular extent (03).
2. A tool joint according to claim 1, wherein the male body portion further
20 comprises a rearwardly facing annular shoulder (32) adjacent the unthreaded forward
portion of the male coupling member and the front surface (60) of the female member
is a forwardly facing annular shoulder; and
wherein, upon threaded coupling of the male and female members to form a tool
joint connection, the annular shoulder of the male body portion abuts the annular
25 shoulder of the female body portion.
3. A tool joint according to claim 1, wherein the unthreaded forward portion (36)
of the male coupling portion is frustoconical in shape, rearwardly tapering towards the

rear threaded portion of the male coupling portion and the unthreaded forward portion



wherein, upon threaded coupling of the male and femal e nenbers to forma
tool joint connection, the unthreaded forward portion of the nmale coupling
portion abobess3dithe unt hreaded forward portion of the feral/aoaoougki ng
portion. 4. A tool joint according to claiml1, wherein the first angul ar
extent is in the range of 20 to 90. 5. A tool joint according to claim4,
wherein the first angular extent is 70166. A tool joint according to claim
1, wherein the second angular extent is in the 10 range of 20 to 90. 7. A

Lool, 101 ey 3R UG e b e pIGE SAGIR FESEUGBNIN. ApoeXbeRtalR, 7O

8. A tool Jolnt accor o clai erein orwar

parts (4fapefing toWsudsehd féhﬁalélb@d%bﬁi(ﬁq@qnaeﬁal e threaded portions each have
an angul ar ex%ent inthe range of 5to 30. 15 9. Atool joint according to

claim 8, whewndierein hepdnothvenddd andplirepef thodnglanhd fahalchaembelseo ot faatal e

t hreaded portions each have an angul ar extent of 15. 10. A tool joint

accor di nipitbceigcton, tharartbieaded éormard peeities! the matkeceplingnpertiet abuits bi de
and the fenal r is,made of.steel. 11. A tool, joint according to claim
2, wh reh‘? %ﬁﬁegg%ﬁmaﬁ‘? 888@6‘ %fdﬁ?)fqlﬂﬂeGPuﬁ’lmﬂ PYHHal e and femal e nenbers
t he unt hyeadegd, f [W Iy i th - [ . he
unthreadé’d fg\(rjtv%? por C?)g(!]lh%%f ﬁdémfléﬁva eélgotﬁ%ﬁgﬁga%%él%gggéfsggéhgtr% ¢

annul ar ghogd {deypeof the nmal e body portion abuts the annul ar shoul der of the

femal e body portion. 12. A tool joint according to claim1ll, wherein when
t he unt hfeadgdobbjoiar atcpatiig anclaidk 4pivhefeen thel frscanilamgktgand 7o comes into
initial contact with the unthreaded forward portion of the femal e coupling
portion the antol geinshocdrdarg tsf clahe Inavkerbndiheprscondnanguler spwoeds in thest ance
L frogmthe annul ar shoul der of the female body portion. 13. A tool joint

accor'di n&mtgéoélzé?l Fﬁ§@,~ wherein the distance L lies in the range of 0.1 to

0.6 mm X;\O 0}&/ t%(S) jﬁnt%cc-lc_{)rl 1r(1)g1 {ooc %1711% 6, wherein the second angular extent is 70°.

8. A tool joint according to claim 1, wherein the forward and rear end parts (41, 63;
43, 65) of the male and female threaded portions each have an angular extent in the
range of 5° to 30°.
15 9. A tool joint according to claim 8, wherein the forward and rear end parts of the
male and female threaded portions each have an angular extent of 15°.
10. A tool joint according to claim 1, wherein the male member is made of cemented
carbide and the female member is made of steel.
11. A tool joint according to claim 2, wherein during the threaded coupling of the
20 male and female members the unthreaded forward portion of the male coupling
member abuts the unthreaded forward portion of the female coupling member before
the annular shoulder of the male body portion abuts the annular shoulder of the female
body portion.
12. A tool joint according to claim 11, wherein when the unthreaded forward portion
25 of the male coupling portion comes into initial contact with the unthreaded forward
portion of the female coupling portion the annular shoulder of the male body portion
is spaced a distance L. from the annular shoulder of the female body portion.
13. A tool joint according to claim 12, wherein the distance L lies in the range of 0.1

to 0.6 mm.



17 14. A tool joint according to claim13, wherein the distance L equals to
0.3 mm 15. A tool joint according to claim2, wherein the annular shoul der
of the maveobgsdyr portion and the annul ar shoul der of ther€¢Enmii®oiyedy
portion are perpendicular to the axis AL 5 16. Atool joint according to
claim 2, wherein the annul ar shoul der of the male body portion and the
annul ar shoul der of the fenale body potfion are ground. 17. A tool joint
according to claim2, wherein the unthreaded forward portion of the finale

SorCi on AR é:%@a@rﬁ‘i’t o Gutd N SR 13; R al e Lot O et ne-
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claim 3, vvhereln he unt hredded forward portion o mal e coupl |

portion papwh @id gie @nglae sholuldst o thie f@eat Hody tpeetiex afe Perpbhdiculat i ﬂ@@led
forward portion of the female coupling portion taper at an angle a2 with

respect aoisthe 15 axis C, the angle a 1 being equal to the angle a2. 20. A

t ool j_oi nt according to claim19, wherein the anql es al _and a2 are in the
range® ofl62. & togl Bmst aczfﬁrdlngtt%laupo% mhea@eéhww fioshoidencl the oHle 2edy ¢ he
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male coupling portion and the unthreaded forward portion of the female coupling
portion are ground.
10 18. A tool joint according to claim 1, wherein the thread portion of the male member
is ground.
19. A tool joint according to claim 3, wherein the unthreaded forward portion of the
male coupling portion taper at an angle ol with respect to the axis B, the unthreaded
forward portion of the female coupling portion taper at an angle a2 with respect to the
15 axis C, the angle a1 being equal to the angle a2.
20. A tool joint according to claim 19, wherein the angles a1 and a2 are in the range
of 2.5°to 3.5°.
21. A tool joint according to claim 20, wherein the angles ol and a2 are 3°.
22. A tool joint according to claim 19, wherein the angle al is greater than the angle
20 a2 by 0.25°.
23. A tool joint according to claim 1, wherein the thread portion of the male member

and the thread portion of the female member are a single lead threads.



