10

15

20

25

30

1 Rotation unit for torque tong conprising a
rotational part with teeth Herein disclosed is a
rotation unit for a torque tong. 5 A prior art torque
tong is described in NO 163973, which concerns a
torque tong arranged both to break and nmake a
t hreaded connecti on between two pipes, and also spin
. j | ative.to the her in oprder to
HREoH phitioPlonlile o tolnifidifle L MaoRg p4r? e, c
connection. 10 In older solutions, a special device
Heasin disethsedisnmbtatian dni faaktorqi® tegnnect i on, while
anot her speci al device was used to spin the pipes
apart or together. The solution of NO 163973 all owed

: [ > : | [

AR AP Rt RO (0070 W Eorf @ adfofitlnld
agangad beth toleeadandmage thfeaded ogpnnabiien tawbansioepipésp esd also

wi thin wi.de rapge of djaneters. In order to achieve
Spiioue o eﬁ%%@f@ﬂﬁ?%ﬁ&ﬁﬁgﬂ%@ G5 GrPamB e ri<s YRS fash other
of W htohl eeScong&tigh] ch upon rotation of the rotary part

of the tong, and as a result of the placenent of the
‘cylinders, are pressed together, applying pressure to

. of sl av l.inders. .The .sla inders wll,.
PR ) AR o [ o Sl Bachuth, vt
anothier special diogvddGised foapir thePepaabat af dgathsl The 6b1RALA ¥ NO

owerful grip on the pipe to break or nake the
leddedloms bf)@i rakipgbraakivgand spigoimaip bh curied pat indhe same

a;?ﬂd.r ing relative to the pipe. 25 A solution simlar
o0 that of NO 163973 has been described in NO 306572.
Here the jaws are al so equipped with respective slave

S NP B e ol o

withADa Wwitld MRRCGdiMeteR. PI StOn mount ed outside the

rotary part. The jaws are brought into engagenent wth
t he

In order to achieve this, NO 163973 proposes the use of one or more master cylinders
which upon rotation of the rotary part of the tong, and as a result of the placement of the
cylinders, are pressed together, applying pressure to a number of slave cylinders. The
slave cylinders will in turn displace jaws to engage one of the pipes involved, ensuring
that these maintain a sufficiently powerful grip on the pipe to break or make the

connection to a prescribed torque without the jaws slipping relative to the pipe.

A solution similar to that of NO 163973 has been described in NO 306572. Here the
jaws are also equipped with respective slave cylinders. These are pressurized by a
master cylinder mounted on the rotary part, which master cylinder is then influenced by
a piston mounted outside the rotary part. The jaws are brought into engagement with the
pipe by increasing the pressure from the master cylinder Valves ensure that the pressure

in the slave cylinders is maintained independently of the master cylinder.




30 pipe by increasing the pressure fromthe naster
cylinder Valves ensure that the pressure in the slave
cylinders is maintained i ndependently of the master
cylinder. 2 1n a subsequent patent application (WO
00/ 45027) fromthe sane applicant as NO 306572, it is
stated that in the solution of the |latter patent, the
pi ston nust push the master2cylinder repeatedly in
order to provide a sufficient volune of hydraulic

fluid to push the jaws |nto engagenent and al so_
In, i byrabalnaer anplicaBon; (O PBUED, Tomk e apeedPlicant as NO
3663Mmi f iCantd gl ia¥hd dIkta d?fﬁ?erlﬁlttérgﬁtg;lﬂ, mﬁ@g&&%ﬁ&%& the

this problemis apparently solve ns o

n}?ﬁté%%’ﬁﬁ@r speatndly 1aowlesto propide 4 sufficisnt vabene ofthardsauliafl widite push
chi eels.directl ngaged

PR Info BRI Rl IS R SOBUNGEIRiflad {1 R4S

significanteleky $i theobeamtiontia WO 045627, dhiapiobRal is appartdihy solved by

tong.. Enbodi ments of this system has advantages over

HFW@QQ§¥§¥?F§m§V§ﬁ%ﬂ§; which are mainly based on

geared drive through several gear wheels placed al ong

- _the periphery of the rotary part. According to a _
Rofafian offligyetary rort is legelyraghisvdddy use efsoewheslsishirestlycegagsd with
ot dnQhay I 4 for a torque tong for making and/ or
br ea an Pﬁ#@%@éd connections between pi pes and/ or
spi nning pi pes during screwi ng and/ or unscrew ng of

i_pe rj.mar,i.] [ used in petrole roducti on,
HESIA PeleSrl A <y utrop I oiine e glepat AR PRR- shaped
EfnbbdifrigntPaf this GR&ngREAAVMt@Ed $veAthB eRQingQyRéns, WhlchaRnainly
which rotary part conprises_at |east one novable
based pbBSAtRd e Wrquah sverat geapwhestigileced plangthe pepindieyend the rotary
p%&th the pipe, the rotary part being provided on an
external periphery thereof with toothing arranged to
engage at | east one chain, which chain is operatively
onpnect ed. t.0 _an uator..i n. order t. ve the chain
AR e PR B BBl S irovfed T igoga gt for e
toh e myak @ lahd/ bt akih gttfirc@dARbMR:cBdns bBEveBE pib O WRHN6r 5ffning pipes
i ntroduction of a pipe, and that the chal n extends )
duging serewme sad/prnsgrewime S piee Primegpineh syeddimpetrolgyarpraduction,
. ‘ . ¢ ] e
cripiE aingfﬁﬁ%ﬁﬁ%%ﬁa%%?ﬂ% SpfafiobhRd R ddto Bip b Bfetobe
rofated; which rdtaey pptennmyisessat estanemdvable dripplogpdw arpmgeditorbieng

mB\t)e% ilrltgte%éallggrﬂerﬁfmth the pipe, the rotary part being provided on an external

. periphery thereof with toothing arranged to engage at least one chain, which chain is
operatively connected to an actuator in order to move the chain and so impart rotary
movement to the rotary part, the rotary part having an opening at the periphery for
‘mtroduction of a pipe, and that the chain extends across a sector of a circle larger than the
opening, thus ensuring that the chain and the toothing on the rotary part are engaged at all
times, characterized in that the opening is arranged to be kept open during the rotation of
the rotary part, even when it is unable to receive a pipe due to the orientation of the rotary
part relative to the fixed part, and that a distance over which the chain extends between the
-~ teeth located closest to the opening, on either side of this, is equivalent to a whole number

of teeth.



10

15

20

25

the rotary part, even when it is unable to receive a
pi pe due to the orientation of the rotary part
relative to the fixed part, and that a di stance over

whi ch the chain extends between the teeth |ocated

cl osest to the opening, on either side of this, is

equi valent to a whole nunber of teeth. 3 The rotary
part may be directly engaged with at | east two chains
Thkattagcpars yraglbedeusy ymgagedwithraelbustitvg chhias $ak adtRydhronously,
the chain. 5 The ggains maybe arranged on

s R he F2 9B RS ¢8I des of the rotary part, thus
giving a symmetric loading on the rotary part. The
rotary part may have repl aceable teeth, thus

Tde ehting ynaygperrarangeham diemetrivalliioppésitc sidenyf thetretady pare thus
§.£i£§t cggﬁﬂeﬁﬁ OEggagjyel onnected to a notor,

ge.gfg é”nﬁ& piqee Qﬂf)%¥1 second cogwheel that
acts as a turning wheel, the cogwheels being spaced
apart at the periphery of the rotary part; this

The setayaurtamey hpwe teplastaits tsath, thus simplifyiogmpinienanse. 15 A
di stance over which the chain extends between the

teeth | ocated nearest the opening, on either side of

Thhichgin may datend@uevalisntogwhorl h@htireltetinected B £80K0r, €F. a
thus ensuring that the chain [ands on a tooth

teeth,
héﬂﬁffg hemginpredascepniecogmhesldhafnstsias g tumare whesdi thg cogwhecls

o BB B bt K, SRR 5 g on

unéven nu
withdewichmpdigitance over which the chain extends between
the two teeth nearest the opening, is equivalent to a
whol e nunber of teeth. By making the nunber of teeth
AdistafcdUvRE thich! i | ' i
R S Db b ARt Rl b LR tllFpening,
op gidhirsigle of thds,masabe/eqrayalenity a dokd riwditreg (intezap pditdoty tious

plate. an the [fixed r t hus achi evj n cost ., .
ofyPng i B aandie LBslion 8 Poede et SRepingppop passing
o¢drahi®. drive nmay ensure a nore robust design and

snoot her runni ng. Snoot her

The rotary part may be equipped with an uneven number of teeth, making it easier to

-ensure that the distance over which the chain extends between the two teeth nearest the

opening, is equivalent to a whole number of teeth.

By making the number of teeth 21, a practical solution may be obtained, whercby the

chain will always land on a tooth when passing the opening,

The rotary part may be slidingly supported on a plate on the fixed part, thus achieving

- cost effective and secure support of the rotary part.
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runni ng may reduce the risk of "bite marks" fromthe
jaws on the pipe. The chain nay engage the rotary

part across a significantly |longer area than a

cogwheel . This may 5 reduce tye | oading on each tooth
on the rotary part, and conpared with direct

engagenent between a cogwheel and the rotary part, the

| oading on the chain will be nore even. Moreover, the
Acttmimdnreymby eadorea torerndageicsign ahﬁhmbythﬁﬁﬂﬁl?ﬁl‘gﬁSmaother
section |ar enough. to ensyre that even if the )
s Ay K Cgﬁ@mﬁ&% it may gﬂ?ﬂhﬁhsm o} thegypg. Age chain may
cRarLphe . _ . e , _

B oty Dol el RO ol b QR il i may
redyce the lpading em cadhl toothrrmsthe THary pattyamibtoniymredeith divecti n

event .of a direc agenent wi.th cogwheels, . .
B e Dol e RS RO BE Tatg Dot do i e i will be
niodt aveén. Mutéoat, thY liain Rdyald £ble toldhoBad ¥ rbiAf) SAE& e A ection
strain and the risk of damage to "both cogwheel s and

largeenpugh tq prsureihal svepaf the ratgry part doss seskavefteatli provnd its entire

: i C st _expos.ed
PEIRBEIEL ot th BpSALRF SeodhORs SRR o TR, DR,
engagementrwittetheirbtafpyarb et dlhtmed ahis. mhi nbBlye theRaQAR IS evefit of a

replace a worn or d ged chain than a cogwheel, as a

dpgg RAEASeTCARY ith 488V er% whetedhe cogvhgsty ‘ﬁowlg@@g%gﬁ apd disengage
. )3 . |

RO it h ety oo BCTRT ShdvipW e nt A B B thic of gamage o

both cagethedlomd tebth dnethe rotany fatte rotary part may 20 be

arranged so as to be repl aceabl e, allow ng easy

repl acenent of worn or damaged teeth. The tong may be

IgaRkhe \ERcinoRodth&t With 4 eeltthelddtpolal s ¥xRfied B wear

engagement w th other teethi. Drive systens
miapiclesr reeisely the eogeiheslnImthy casstoflvbaiasirivenis ithawlee the chaint It may -
. rive syste bas on e.g. direc earing. .The,
oS BRSO PR AR B o bt o Roemleet inviably
oftck et Myudd hiviao BRSbsurdll fixed & e @lﬁ?ﬁ,wﬂme&hé ¥B4iR 8 B¥ged

also be lower. 30 The i nvention w now be descri bed

mOFe ¢frlesstiapseliearapnd thy coswheclsin additismhe teethf orathe rotary part may

T R T

tebth. t he present invention; 4a

The tong may be usable even with missing teeth, as the chain may be in engagement
with other teeth. Drive systems incorporating a chain may not be as sensitive to dirt as
drive systems based on e.g. direct gearing. The noise generated by the system may also
be less.

Furthermore, the costs of producing such a system may also be lower.

The invention will now be described in greater detail by means of an example of an

embodiment shown in the accompanying drawings, in which:

Figure 1 shows a rotary torque tong according to the present invention;




Figure 2 shows the rotation unit of the torque tong
according to the invention; Figure 3 mainly shows the
rotary part of the rotation unit; 5 Figure 4 is a
sectional view of the rotation unit; Figure 5 shows a
hydraul i ¢ connecti on di agramygf the nost inportant
conponents that bring about the gripping of the pipe;
10 Figure 6 shows an alternative hydraulic connection;
Figure 7 shows alternative gripping and hol di ng neans,
Figur¢:2 sh@vsHhg wotetigtauishofiiha gprqug Bmng hoddrging et thedhedtibnom
t he pi pe; WD 2004/ 076805 PCT/ NO2004/ 000054 5 Figure
7b show ng the jaw about to be pushed into engagenent
Fiiud13 brianly Bhé0s thaRékaBy fdrgwtﬁe fRatiliOing the jaw fully
engaged mnth the pipe; and Figure 8 i'llustrates a
principle for distribution of teeth on the rotary
F rotar torque tong accordi ng
Fﬁ%&%4ISA£%é§%%V%%€£ﬁ*‘ nq%%uyong has a 10 franme 60
generally consi sting of a horizontal part 61 and a
Vertlcal part. 62, The frane 60 may be nounted on a
Fiayrgre shogry a ](‘beﬁu@rﬁﬂnﬁ?‘?qo@ diggraywof thergos dmpprat sewponents that
floor for the tong to engage
b%?é %Jlfds%lgﬁgel plrfﬁébﬂhg {shown in Figure 4). On the
vertlcal part 62 of the franme 60 there is di sposed, as

the 0 a 15 hol ding unit (back-up)
F@re S&ﬂ‘?é?erf?gg’ gV&rﬁﬁl%boanW%4 arranged to grip a
pi pe below a pipe joint (not shown) in order to hold
this. The construction of the holding unit is, in
Figutnt shpiwes, alcortizn gippiak and toMing méemspwitkr st ood by a
person skilled in the art. Thus this wll not be
explained in any detail herein. 20 Above the hol ding
Figiid 70showihgs £javs filly'refrathéfo fhd pipe; arranged to grip a
pi pe above a pipe “joint. The ro gatlon unit 65 will be
explained in detail in the foll ow ng. Above the
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rotation unit 65 there is disposed a spin unit 66.
This unit is arranged to spin the pipe above the pipe
joint out of threaded engagenment with a pipe bel ow the
pipe joint, or spin the pipe into threaded engagenent
with the pipe below the pipe joint. The spin unit 25

whze+/@ed03 ght er construction than the rot at¢wNozomidooaS

and operates at a significantly lower torque than the
rotation unit. Thus it is not capable of breaking or
making a pipe joint. The spin unit 65 may however
rotate pipes at a considerably higher speed than the
rotation unit 65. 30 Figure 2 shows the rotation unit
65 of t héliguomith shawiog Wi jay abont tdee dushed ittéd enpagetriont with the
conprisegig. gotary part 40 and a fixed part 41. The
rotary p Pt is nmounted on a plate 42 attached to
the fixed part via bolts 54 and brackets 55. The plate

pcT/ NozoB HBoRca e B Sl ngited v B aer,
di sk-shaped with a central cavi tyh44 and zﬁnropgpi ?%e45
ﬁ@{e%ig&% %f%ﬂn%%ﬁr%}'s@bé?%nﬁfge tonqu%g{?bpqaﬁeyperi phery

of the rotary part 40. This toothing may consist of

ol bR oar) 88 toffy Aok B Gieress viuds. T cneiar v
éwneﬁdgenaaﬂpmsmmg ofOgwib@ed] pardl, and@ velﬁﬁ.ﬂ pai 62 MRe frame

I 0 tor 51, .
SPAES Pl o 8 BELIRN S0P o A e i Bl omomi
oy driibflecs éﬂ the tmty te bng@etoe tisks1gaeraghis 70 (howh M Figite 4.
circle greater than either of the chains 46, 47. \Wen
one chain 46, 47 passes over the opening 45, it is

Dm‘.tmnfemnal phud 62 diivies fedarmion thess ik aqdasem ad thelowbinfoSticofpeiett, a

er t. as accur at el ossible, .to . avoid
P‘?ﬁ“ E%#‘ T ?‘ﬁ@faaseéé? giapipe
hﬂb@sabzbejoaﬁ(mnih,owﬁﬁﬁi ofder ta kel d:ns FhAonsRESHRIT IS holding unit

Co. I h which th h
8 B coaivotnd VOE Radsrio b pesemaellod . Tru

: th'rse:vﬂln@;b%xplm&edﬁmh@meidﬂmeﬂs to be equivalent to a

whol e nunber of teeth. It has been found that this
may be achieved by satisfying the foll ow ng two

Abjva tiedoRlingbit 63 dhere is alrofafbn vAit S5 Bfrand&Fto3rip a pipe above a pipe
Jjoint. The rotation unit 65 will be explained in detail in the followiﬁg. Above the
rotation unit 65 there is disposed a spin unit 66. This unit is arranged to spin the pipe
above the pipe joint out of threaded engagement with a pipe below the pipe joint, or
spin the pipe into threaded engagement with the pipe below the pipe joint, The spin vmit
has a lighter construction than the rotation unit 65 and operates at a significantly lower
torque than the rotation unit. Thus it is not capable of breaking or making a pipe joixt.
The spin unit 65 may however rotate pipes at a considerably higl}er speed than the

rotation unit 65,

Figure 2 shows the rotation unit 65 of the tong according to the invention, It comprises a
rotary part 40 and a fixed part 41. The rotary part 40 is mounted on a plate 42 attached
to the fixed part via bolts 54 and brackets 55. The plate 42 has an opening 49. The
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2N2 (2) 2asin~N, tl -a=0 2r J in which: 20t is the
chain pitch, in mm N1 is the nunber of teeth that
will fit over the opening 45, between the two teeth
nearest the opening, N2 is the nunber of teeth al ong
the curved section of the rotary part 40, a is the

WoRIgHeeg0F n r adi ans) between the teeth nearesNODRMCOSH

opening, and 25 r 'is the radius of the rotary part 40
at the chain, i.e. the digtance fromthe centre of the
rotary part 40 to the centre of the chain rollers. W

0y, Fi .
RG4S PSR B0 T A Gl 1,
Exipndingsfose the caviity U4, torthenedipheny offhe %MpT@ﬂlilig s provided
. . e . .
S OFubl A 01, QoBBIGHTL A ©
dXe® R @i S5 abrioths dishel. Thutoothippka ehssgesswo clials 46) 4R eatieaf

: I, 0 ' ry, .of the
S @eflisdcrodiFro BLMEIASOU ok PERPLIARIG! 36 ifonlefloppled
ST b Rferabhies T desWisunalom Alterogiveliome B et uidong
' ; [V, 40..

e Rt S0 RS Ol e AR LeRRL o Binl BUSY S
veethain 44 pssseneveytheomsning 5 iirislinposatt fdrds cheeto land on the
i | e i i .t he openi ng 45,
(A8 Lol e EOR ) B o BIE i s SREOR s
chpimtodles greatesinossitlelextenty pmbib @void jerlomupivemertts. Chissquently, the

Y i ' ' ite .of the eni nq,
URERL O iR BB Bl 1ROREh b s o AR PSR 45,
anatehed sosapriors sqyivalu tovowimlsmealbersf teetiides Webn fotugBihdt this

| . i | duct i i t
A5 OB BRIRRTA Ry ST oo " O

rectilinear distance L, between the two teeth 43a and
43b cl osest to tfe opening 45 15 on either side of
ﬁlis, is Shorter*than Lh@ curved di stance Lb, that

| | ows the pr?ygrgngﬁb
sin

2N,
. (N, -
2 2-asin| —! ! —-a=0
2-r
in which:
t is the chain pitch, in mm,

N; is the number of teeth that will fit over the opening 45, between the two teeth nearest
the opening,

N is the number of teeth along the curved section of the rotary part 40,

«is the angle (in radians) between the teeth nearest the opening, and

r is the radius of the rotary part 40 at the chain, i.e. the distance from the centre of the

rotary part 40 to the centre of the chain rollers.
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rotary part 40. If the chain had followed the curved
di stance 4 the positioning of the teeth would be

gi ven unequi vocally by the total nunber of teeth and
the radius r of the rotary part at the chain. The
chain will however follow the rectilinear distance LT.

woaKweewsent |y, this distance Lr nust provPGENODDOYNGST a

whol e nunber of teeth. In the 20 exanple shown, it has
been deci ded that there sfiould be roomfor 8 teeth
along the rectilinear distance Lr between the two

tIe Sigired3me adodRly a::ﬂﬁ%d&ﬁ%%ﬂ%h&ﬁ%i(y&?ﬁ@) BQRED to

Sﬁve a l?i tch, i.e. a distance bet we centres of

vsfraipt DX aneample of an emBodimpnt.chhe figee stoavs 2 sehematitplan view of

| tR&@tatyl pagt 40.1EEEshbw R4 08S cHalh 48 ekfdfitifHARd lﬂ@&vo(c?)%wl?egﬂ éé 2)
[ ke |t possible to calculate the angle”a and”
}gquF e et tpeth 43,3re shopp @xpupdihe periphery ofibe Blaty 19, Imbeand

teR @A glotn, 3t 16 beel dB3dkd b3 1 '

39. Olgnﬂllf tfhe }s)? ?gt chi %ﬂ%?mf%liﬂ%g%%g%éﬁhmﬁéﬂg%ge
el seateR ohtha rokn Pirbdp- Hootss dira s kemwayirraonidorsodit high he
Qo ofveddh, %J‘@‘b%lﬂ@g&? Qrdlsbth B bEAhBRY e}%%@e%t%% 'tsiae of

inagreat strain dn

1'd .h 't
%PF%?%?WIE\%%EW%%@W@ 0B2YICRESBSaADTHNIR O 1HOIEA
@rehREstRRAY & (NS)ocftfon SHE &ﬂaﬂ&n&zﬁ@ oﬁﬁﬁ&ﬂ% o?%h? t, e RRALL

q n an

and the conditjion of equatio .o nmay - al §o
(R I8 & EPW 9e BispiBe: iR erderdx aobievhiaymmonctisit Usivg acimabasuipbe of
HREChAnIRnaxY®h BosstbREANNA 4 ARt ?"&S“P Ry sh to
have access to g?]smarea indsl?%%uéﬁg§ 00 %%%esg{a “ﬁéo
tﬁfé‘?-t. 5 The fixed part 41 conprises a frame 52
that supports the plate 42, the cogwheels 48, 50 and
the mptors 51. The frame 52 is nounted so as to fl oat
iTHe wctilipas disgnoe I hetweayitha tvio decthviSa md 434 clotdsido thetopérigis
U bt B R R MG RIR} | fhncd 1SRl rofiSledtd ot
thel Sail%oe b bes. rl}f%:?g{gla legé’d thncd ]Eb, fhiat foflows e olirve of the
totary part 40. If the chain had followed the curved distance L, the positioning of the

teeth would be given unequivocally by the total number of testh and the radius r of the
rotary part at the chain, The chain will however follow the rectilinear distance L.
Consequently, this distance L, must provide room for 2 whole number of teeth. In the
example shown, it has been decided that there should be room for & teeth along the

rectilinear distance L. between the two teeth 43a and 43b.

Also, the chain has been chosen to have a piich, i.e, a distance t between the centres of
each of the chain’s 46 rollers, of 76.2 mm.

Inserting these figures into the equations (1) and (2) will make it possible to calculate
the angle ¢ and the radius r. This gives the radius as 911.7119 mm and the angle o as
0.68176 rad, which is equivalent to 39.06°. If the streiching of the chain 46 between the
teeth 43a and 43b had not been taken into account, the chain would have missed the
tooth by 12 mm. This would have resulted in a great strain on this tooth and Jjerky

movements.
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The fixed part 41 has gripping cylinders 4, 5, 6
mounted on it. These use their piston rod to push
agai nst a protrusion lc, 2c, 3c on each of three
gripping jaws 1, 2, 3. However, the piston rod is not
attached to the protrusion. The hol ding cylinders |a,

wQ 2004078885 are | ocated i nside the gripping pcansozhy4/0Bg0543

and so are not visible in Figure 2, but one 15 of them
may be seen in Figure 4. ghree displaceable gripping
jaws may be used, as shown, but it is also possible

1o 55 URY 61 mggcurgne ot p&%&@mﬁm%s&u&%f e

gri nor e
835) weay@ise be uamhnm’qheap@thtsghmt@at wtndmhﬂs égbmdgscmm wherar y

9?‘2‘%%%“?2‘*&%*“@“ e BRED Bo M PG b Raly hebdipg or e
AP pyt.part is to be rotated, the notors 51 are
actuated, causing the chains 46, 47 to nove in the
sanme direction. Thus the chains 46, 47 rotate the
ride fxsgd pavift contprisestai frame 52 hatimppats tsiplatted2hiba cogwdsel§ 48)150
SHPHR '  xed part
PP boRR S Foiailed? Wnodind Dudth B o6, TRt PR
mjogeiing, the wintion initaS cay WitergaticallykSiesmtritsel f relotivests thepipe to be

g; gders 19 becone visible. Preferably, these are
%M Itioned so as to act agai nst each other and
synchronously, so that the master cyllnder 19 does

10 GRETE LI bl ORade €5, llolen oy TR0 Sl e o

sdigonyshiageintba protrusidmel cmsmqn@mhm‘f thrdeerippiog fawy 1328t 40,

t.o b [ V. t
e R s L e
Bare loctted insidathergippbg Japra;slh é,di ami toarphgteiiblein PRuf, biveds

4 P N0 20 0054 9 di th
o B e R s e s P st
shovaclat 1tuaﬁlstotpessd:ﬂnetn usegmets or mmbﬁﬁgwjawet\meﬁhﬁdg feremak e

r ass.. Therefore t aws |, Iand 3
e, b ox Rl IneR BB ER s R e welied Spgas
behgedto &eg@t@ylpg't t'}]hs vill dependol RSitnichlof e pipk HimeAayy e

[ en 9 a relief mechanismfor the hol ding cylinders.
%}# L o e used on

conpr|Ses two plates 57 and 58 which, apart from -
an openi ng 45a and 45b, are annul ar.

‘When the rotary part is to be rotated, the motors 51 are actuated, causing the chains 46,
47 to move in the same direction. Thus the chains 46, 47 rotate the rotary part 40, which

slides on slide bearings (not shown) on the plate 42,

In Figure 3 the fixed part of the rotation unit has been removed. Thus in this figure, two
slave cylinders 18 and two master cylinders 19 become visible. Preferably, these are
positioned so as to act against each other and synchronously, so that the master cylinder

19 does not contribute to the rotation of the rotary part 40.

The rotation unit 65 is equipped with sensors (not shown) to detect the position of the
rofary part 40, to allow the rotary part to be carefully positioned with the opening 45 in
Iine with the opening 49, so that the tong may be pushed onto pipes to be screwed, by



10

15

20

25

30

The lower plate 58 lies on the rotary part 40 and is
operationally connected to three relief valves 10b, |
I b, 12b (see Figure 5). The upper plate 57 is
connected to the fixed part 41 via actuators 56. The
val ves 10b, 11b, 12, which relieve the pressure from

W@ pg4/0resofiol di ng cylinders 1 a, 2a, 3a (SeECTAQMN@0BH,

are operated by actuating the actuators 56. The upper
plate 57 is forced down against the |ower plate 58,
which in turn displaces the valves 10b, 1 Ib, 12b
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reliefvalyepdb7 13 b, 12hi(ssh Figors 5). (5t uiperpiatg 57 js pecholivd tohies fixed

| AR ] f I 4P - li,nder 5 has
B0, S 56, TRl (01T DR RNt B e
piding elindesscani, 82 Gée BEgnre Mbad ppeeted byfcthiting iyecicmntbis 66,

i f: PRI iQn of, the rotation
SRBBG 7 horoch Db Pl ol ARG B B i 80 i
thg valyegriBh, ilbin 124 fiom bdirst pepitioe fo xwamd pesiticn. Tieappeplaea 57t he

r {i uni.t _65.ar e dr awn
it RiabicRotor 4 1 3hr A oD Mot s o5 L s P e 4
wlitivihie teifiwedipaniadlt 41. On the rotary part 40 are jaws
1, 2, 3, which are designed to grip and hold a pipe

70, as described above. 30 The jaws 1, 2, 3 are
Eigwm é i assdetiopal tviver of papefiihé wdtidrobnitisheving binoeiosthdr thingdfone

i si,des, of, the cylinders |a, 2a,..3a are
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jaw 2. Also illustrated is a pipe 70, which has just been gripped by the gripping jaw 2

after the gripping cylinder 5 has advanced this towards the pipe 70.

Figure 5 shows a possible example of an embodiment of the hydraulic connection for
the gripping function of the rotation unit, and also shows a connection for the rotational
function. In the figure, components located on the rotary part 40 of the rotation unit 65
are drawn within 2 fine 30, Components outside this are located on the fixed part 41.

On the rotary part 40 are jaws 1, 2, 3, which are designed to grip and hold a pipe 70, as

described above.

The jaws 1, 2, 3 are connected to the respective holding cylinder 1a, 2a, 3a. The piston
sides of the cylinders 1a, 2a, 3a are connected to respective valve assemblies 10, 11, 12
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check valve 10a, 11 a, 12a, that opens for hydraulic
communi cation with the respective holding cylinder 1
a, 2a, 3a when the hydraulic fluid is at a certain
pressure and stops conmunication in the opposite
direction, and the two-way relief valve lob, I |Db,

WA Ap4/0780hi ch i s nentioned in connection péno2bisgenna 3,

and which in a first position provides comunication
with the piston side of the respective holding
cylinder I's, 2a, 3a and "stops conmunication in the
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byminenidetion Ipttewayar e and st ops connunlcatlon in the
opposite direction. The lines 10d, i id, 12d al so
communi cate with a common hydraulic reservoir 16. The
Therespagtive gheclegalve 10, 114,|1bg cobimmivates wifietha pigkn bidle 6f 4 @lvi ef

t es 10b, 12b
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t he rod S|de to the piston side. The slave cylinder is
e r r|n 183, .that acts to push
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spec é ﬁﬁ hgg % ach val ve 13, 14,
e fore &t ooy at lpash ot LCEASERETT 6,

communi cation fromthe piston side of the respective

1 .

%l rg o%¥llel sﬂgg gyhn er %gco?na}nu%]cgtes with the piston side of the same
cylinder 18 via a valve 21. The valve 21 comprises a check valve 21a, which opens for
communication from the piston side to the rod side and stops communication in the
opposite direction, and a choke 21b that allows limited hydraulic communication from
the rod side to the piston side. The slave cylinder is equipped with a retun spring 18a
that acts to push the piston 18b towards the rod side.

The rod sides of the holding cylinders 1a, 2a, 3a communicate with respective valves
13, 14, 15. Each valve 13, 14, 15 comprises a check valve 134, 14a, 15a that opens for

communication from the piston side of the respective holding cylinder 1a,2a,32 and
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communi cation in the opposite direction, and a choke
13b, 14b, 15b that allows I|imted hydraulic

communi cation with the rod side. The valves 13, 14, 15
further communicate with a conmon accunul ator 17. 5

WOR00E/PiE306 i xed part 41 is a hydraulic cyli rRAENODBYooMEE Ch

inthe following is denoted a master cylinder 19. The
master cylinder will, upgp actuation and when the
slave cylinder 18 is in the correct position for
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ﬂmﬂa@ Lydoanlic cmnwscahmcmﬂ'etue jod sidaclhe aalpmsts { 14p1t6 fasher 0
c&?n\ﬁﬁmtzz{%@wﬁﬁéﬁ&ﬁm dbidfighor 19 and the slave cylinder

18 facing eac er operatlonally a respective

gripping cylinder 4, 5 6 will also be |ocated
th t 2c,
SRR 1 1: 3 Bl RRRAS AT RS ABgledn 2°

alastwmfhndw & The mpgpérreplindyrl will depos achyatibn and wiieh th,e slav.qo on
@%nggttel%? léllt%i Joﬁ"e& Egs%%ntfér 8, u£m t’ Ce;:usaon raée @N%%gds& Pgabcﬁ th%

@ykmm@bﬂbOﬁﬁﬁﬂmm&ﬁMQnHWdrauI|caIIy connected to a
respective slave cylinder 31, 32, 33. The pipe 70 is
closer to the gripping jaw 6. The slave cylinders 31,
3then 88 retany pax # wtlecdted inguech aq;osmhi oo eveghehae oflinda 10f

t.ed
i B D EL DG Ll R SO e P RIS e
35 s 6Wﬂé alsy/bd Inchiad Oﬁﬁ'at(mallyfs(rmghiroppd?.ﬂmthe plotraddar 1%, B]30(A6t
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pPquectuation ie shid pkitie niove thojane tid, Bib avghde tiiggper € 3. The
pi ston sides of the gripping cylinders are connected
to the punp (not shown) via a 25 respective |oad

Baltith pisgonvsidey the gl inds 435, 6 9re hh@uikvlly @nhdofed B4 OF S

h b f
Ty TR G0 2. By P R eib e P or 9 o ber

Eiamh:yhmiersr.’: 1532, ssm m&ﬂtvﬁdt sbﬁbhﬁ)nfzﬁigr%ﬁﬁieht\% of g0gwheel
50 vi a ear sho a mech al brake 38
gﬁlgl}fg%{lgg ?/3{ lgd?}‘ fl,\)@nch 1S connect to a pump (not s own via a load holding

valve assembly 35. The cylinder 32 is shorter than cylinders 31 and 33, as the gripping

cylinder 5 will displace its gripping jaw 2 over a shorter distance to engage the pipe, as
explained in connection with Figure 3.

The piston sides of the gripping cylinders are connected to the pump (not shown) via a
respective load holding valve assembly 7, 8, 9. '

The hydraulic motors 51 are connected to a pump (not shown) capable of driving the
motors 51 in one direction or the other. Each motor 51 is connected to a respective
cogwheel 50 via a gear 37. Also shown is a mechanical brake 38 operable via valve
assemblies 39a, 39b.
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30 assenblies 39a, 39b. WO 2004/ 076805

PCT/ NO2004/ 000054 12 The princi ple of operation of
the hydraulic connection in Figure 5 will now be
explained in greater detail. In order to activate the
three gripping jaws 1, 2, 3, which formpart of the

WO aedpiesosart of 5 the tong, use is nmade @ET/NOBOLdsSL

gripping cylinder 4, 5, 6, which are activated and
posi ti oned synchronously]%ia synchroni zi ng cylinder 34
and sl ave cylinders 31, 32, 33. Preferably, the
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3a wth them sucking hydraulic oil fromthe open
reservoir 16 through the valve 25 assenbly 10, 11, 12 -
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Jaws at a standstill, pressing against the pipe 70.

When the jaws are pulled towards the pipe, they also pull three holding cyh:nders la, 2a,
3a with them, sucking hydraulic oil from the open reservoir 16 through the valve
assembly 10, 11, 12 and into the piston side of the holding cylinders 1a, 2a, 3a. The
valves 10b, 11b, 12b are then in the position shown in Figure 1, in which oil is
permitted to flow past in the direction of the holding cylinders 1a, 2a, 3a, but is not
allowed to flow away from these. The hydraulic oil on the rod side of the holding
cylinders 1a, 2a, 3a is evacuated through the valves 13, 14, 15 to the accumulator 17.

In order to increase the clamping force between the gripping jaws and the pipe a volume

of oil is delivered to the piston side of the holding cylinders 1a, 2a, 3a. Since the added
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allowed to flow away fromthese. The hydraulic oil on
the rod side of the holding cylinders 1 a, 2a, 3ais
evacuat ed through the valves 13, 14, 15 to the

accunul ator 17. 30 In order to increase the clanping
force between the gripping jaws and the pipe a vol une

W R04976805 s del i vered to the piston side oPCuR@IBEEESNg

cylinders 1 a, 2a, 3a. Since the added WO 2004/ 076805
PCT/ N0O2004/ 000054 13 voljyne of oil does not generate
any -novenent of the gripping jaws, this added vol une
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As al ve. ass 1 and 12
BPRH St ites 18 0% e O RRREE e e o it
ﬂapm@a 3a, these will maintain their clanplng force
against the pipe. Wien the gripping cylinders 4, 5, 6
are al so brought back to their initial positions, the
Mmythngtyp}mgt@hmiefs 148 16\arendldolbrduight HabOe feRtihilial bhBicde e €d
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O?@ég}md By a Elgs lEI:orrc:ro?l%op w1 E)rque ?eed 1l':)ac?( from the fixture for the fixed
part of the tong and a proportional valve (not shown) connected to the hydraulic motors

51.

The pipe is disengaged from the gripping jaws 1, 2, 3 by operating the relief actuator 56,
which via plates 57 and 58 displaces the valve 10b, 11b, 12b in the valve assembly 10,
11, 12 to the position that allows communication in both directions. Thus the pressure
will be relieved from the piston side of the holding cylinders 1a, 2a, 3a, relieving the
pressure of the gripping jaws. The accumulator 17, which is connected to the rod side of
the holding cylinders 1a, 2a, 3a, delivers pressure to the rod side of the holding
cylinders 1a, 2a, 3a through choke 13b, 14b, 15b. This pressure ensures that the hoiding
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"to the rod side of 30

part of the tong and a proportional valve (not shown)
connected to the hydraulic notors 51. 25 The pipe is
di sengaged fromthe gripping jaws 1, 2, 3 by operating
the relief actuator 56, which via plates 57 and 58

di spl aces the valve I Qo, 1 Ib, 12b in the val ve

WRMEREIy 10, 11, 12 to the position thaRCTaAI02004000054

comuni cation in both directions. Thus the pressure
will be relieved fromthgspi ston side of the holding
cylinders la, 2a, 3a, relieving the pressure of the
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ed efdhis (FAISY9k_sSure to the rod side of the hol di-ng
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time, the holding cylinder 1a is pulled along, The holding cylinder sucks hydraulic fluid
from a reservoir (not shown). After the jaw 1 has engaged the pipe 70 and no further
displacement of the jaw 1 is possible, the gripping cylinder will start to rotate the arm
80 about the tappet 81. This will cause the tappet 81 to attempt to lengthen the gripping
jaw 1. However, this is not possible in the direction of the pipe 70, and so the piston rod
and piston of the holding cylinder 1a will be forced into the actual cylinder while the
centre line 82 of the holding cylinder and the piston rod is rotated over the centre of
rotation 83 of the tappet. This will reduce the available volume for the limited quantity
of oil in the holding cylinder 14, thus increasing the pressure. The force required by the
gripping cylinder 4 to rotate the arm with the tappet 81 and the position of the arm 80

- will be related to the pressure in the holding cylinder Ia, allowing the clamping force
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1 1b, 12b) that relieves the pressure fromthe hol ding
-cylinders. The jaws will be 15 retracted, either by
nmeans of a return spring or by hydraulic pressure. The
arm80 with the tappet 81 nay be equi pped with a
return spring (not shown) to bring it back to its
initial position. Alternatively, the return of the ann
80 can be brought about through gravity alone. 20 An
~alternative enbodi ment for synchronization of the
gripping cylinders would,be to have position

nmeasur enent for each grié%ing cylinder with separate
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2.
- AunitaccordingtoClaim1l, characterized in that the
distribution of teeth on the rotary part is defined by:
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2. Aunit accordingto daiml, char acteri z
e dinthat the distribution of teeth on the rotary
part is defined by. t 1 =0 (1) 2 12x-al sinl 2 N2
(2) 2asin( 2'rt,-a=0 17 in which: t is the chain
pitch, in mm N is the nunber of teeth that will fit
between the two teeth nearest the opening, N2 is the
nunber of teeth along the curved section of the rotary
part, a is the angle (imradi ans) between the teeth
nearest the opening, and r is the radius of the rotary
pawhiclat the chain, i.e. the distance fromthe centre

f rotar. art to the centre of the chain
hEfhen G by | |

it accordingto daim2, char ac
N1 1 the numberofdedtinthbthait] fikbetwes thetval tedtionSuwestithe A uni t
%B&g[{ |ng to one of the preceding clainms, ¢ har ac
zed inthat the rotary part engages at
Maséhwu@eehﬁnﬁhab@ﬁwawmymhmﬁmmpms A unit
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& ihiadias of therstant pmﬂﬁ@my eptbe distage from the centre of the
rolary part to the centre of the chain rollers,

3,
Aunit accordingtoClaim2, c haracterized in that N,
is equal to 8,

4,
A unit according to one of the preceding claims, c h aracterized

in that the rotary part engages at least two chains that act
synchronously.

5.
Aunit accordingtoClaim4, c h aracterized in thatthe

- chains are arranged on diametrically opposite sides of the rotary part.

6.
- A unit according to one of the preceding claims,c h aracteriz e d
in that the rotary part comprises replaceable teeth.

7.

- A unit according to one of the preceding claims,c h aracterized
in that the chain extends over a first cogwheel operatively connected with a
motor, e.g. a hydraulic motor, and a second cogwheel that acts as a tuming wheel,
which cogwheels are spaced apart at the periphery of the rotary part. _




A unit according to one of the preceding clains, ¢ h a
racteri zed inthat the rotary part conprises
repl aceable teeth. 7. A unit according to one of the
preceding claims, c har acteri zed in that
the chain extends over a first cogwheel operatively
connected with a notor, e.g. a hydraulic notor, and a
second cogwheel that acts as a turning wheel, which
cogwheel s are spaced apart at the periphery of the
rotary part. 18 8. A unli accordlng to one of the
preceding clainms, ¢ h ar % cteri zed in that
tge rotary part is slidingly supported on a plate on
the fixed part.

- A unit according to one of the preceding claims,c h aracteri z e d

in that the rotary part is slidingly supported on a plate on the fixed part.



