WO 2005/ 111368 PCT/ GB2005/001891 1 1 | MPROVEMENT I N OR RELATI NG TO ROLLER
SUBS 2 3 The present invention relates to roller subs for reducing 4 the
friction between a tool string and a wall within a 5 well bore, and in
parti cul ar er systemwith 6 adjustable wheel (] /7 8

Rol | er subghg¥ﬁ¥&@%%s are downhol e devi ces which includgbﬁgg&ﬁéﬁp§"which
contact a wall of the well bore to assist in 10 noving the device and nore
particularly, the tool string 11 to which it is attached, through a well
bore. Typically 12 tool strings pass through the well bore under the 13

i nfluence of gravity. However, when the well bore is 14 deviated,
particularly towards the horizontal, gravity 15 causes the string to fal
to the lower side of the well 16 bore. In this location the string can
stick and the tools 17 thereon can becone danaged. This problemis
exacerbated 18 for wireline tool strings. Roller subs maintain the tool 19
string away fromthe well bore wall while the wheels 20 reduce friction
between the two and thus aid in noving 21 the tool string through the well
bore. 22 WD 2005/111368 PCT/ GB2005/001891 2 1 The earliest roller subs
conprise wheels located in slots 2 around the circunference of a
cylindrical-body. Multiple 3 wheels are required to prevent the body
contacting the 4 well bore wall and as a result the wheels each have a 5
di aneter approximately half that of the body.

1 IMPROVEMENT IN OR RELATING TO ROLLER SUBS

2

3 The present invention relates to roller subs for reducing
4 the friction between a tool string and a wall within a

5 well bore, and in particular to a roller system with

6 adjustable wheel diameters.

v

8 Roller subs or skates are downhole devices which include
9 wheels which contact a wall of the well bore to assist in
10 moving the device and more particularly, the tool string
11  to which it is attached, through a well bore. Typically
12  tool gtrings pass through the well bore under the
13 influence of gravity. However, when the well bore is

14 deviated, particularly towards the horizontal, gravity

15 causes the string to fall tco the lower gside of the well
16 Dbore. In this location the string can stick arnd the tools
17 thereon can become damaged. This problem is exacerbated
18 for wireline tool strings. Roller subs maintain the tool
19 string away from the well bore wall while the wheels

20 reduce friction between the two and thus aid in moving
21 the teool string through the well bore.
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6 7 Later designs provide | arger wheels through the centre of 8 the body.
Typically there are two pairs of two wheels, 9 with the sane orientation

| ocated through slots in the 10 body. In order to ensure the wheels contact
t he | ower f the well bore the body is weighted on gne side 12 and
this, in co %%%H%G% with a swivel between the body 13"SHEBIHOUF ng,
causes the wheels to lie against the law 14 side of the well bore.
Al'ternatively a body having an 15 elliptical or oval cross-section, with

each paixr ofhd Geaviepdst FRUNLedsaBst Bom ?P;Qéé Wde A3 dchecwheal s1pHR on the
17 Tonger dinmension, w,ll preferential tip the body onto 18 the |onger

di mensi on. FHEG d%l}eerc%ﬁﬁl“&ﬁlfﬁn?ﬁeﬁa%f%r‘éﬂi@@ﬂq@ﬁ{ bofye| Mudipla on the | ow

si de of st hg;edis hore. Q A sgg%qﬂﬁﬁg r art roller
subs |33that Zf;the &ﬁﬁ% gggre F%%g?%%ﬁmnt in or%°9%353§n§|3?% in the 23

body. THe ekl oanstwaldepafiope derefult 51112% whisiedls fiach hagewat hin the sl ot
but mhlgh Q&f&ﬁ%gﬁia@ﬁ&%gﬁggggh¥sﬁ%9f1Ehat 1§§9¥md. contact the well bore

wal | . As a resu €si gned si'ngl'e wheel dianmeter and
thus a 67 different roller sub is required for eff|C|ent operation 28 in

wel | " bores of differ.ent nme ct . of at |east ope
enbodi mént $*¥h ﬁ%??n?r§YléﬁviﬁF$%ﬁ é%?%if ﬁ%@?P&@'&hPoFFBFr§uB system
whose whgeel the?aodia;anem%l@am?etu@fé eflre 38rdMR AR5 LEL 1368whELL @BZOOS/ 001891

3 1 Afurther object of at |east one enbodi nent of the
9 with the same orientation, located through slots in the

10 body. In order to ensure the wheels contact the lower
11 wall of the well bore the body is weighted on one side
12 and this, in combination with a swivel between the body
13 and the gtring, causes the wheels to lie against the low
14 sgide of the well bore. Alternatively a body having an
15 elliptical or oval cross-section, with each pair of
16 wheels mounted on the short axis as the wheels run on the
17 longer dimension, will preferentially tip the bedy onto
18 the longer dimension. This foller sub will therefore
19 orient itself to run on the low side of the well bore.
20
21 A major disadvantage of the prior art roller subs is that
22 the wheels are located within or through slots in the
23  body. The_wheels must therefore be of a size which fits
24 within the slot but which protrudes sufficiently from the
25 body to contact the well bore wall. BAs a result each
26 body is designed for a single wheel diameter and thus a
27 different roller sub is required for efficient operation
28 in well bores of different diameters.
29
30 An object of at least one embodiment of the present
31 dinvention is to provide a roller sub system whose wheel

. 32 diameter can be varied.

33



2 present invention is to provide a roller sub body to 3 which roller
wheel s of variable dianmeters can be used. 4 5 According to a first aspect
of the present invention 6 there is provided a roller sub systen1for use in

a tool 7 gbhhhdiiRs educe friction between the string ghd & bore in
whi ch the stﬁ?ng ?s run, the system conprising an elonggﬁgmﬁoéy i ncl udi ng

connector neans for Iocatlng the . 10 bedy on the strlng and one or nore
pairs of roller 11 wheels nounted on the body for contacting a wall of the

12 vel | 1borg sushelel Bbtjlé%tbQQYaEOI@ééts%ea a%hdcsrca%bhx BE d@enarroved portions
on a first plane parall to a central | ongi tudi nal axis of the body

t hr outh\Athéfr‘FSﬁ?é m&&péaonlsSr é@p@é@‘ﬂﬁ? @(Ir@élpé‘r puhdbedyakot o-t he
| ongl Lugi gl $o1116 araaht OF vheals deng Ruat el agacqghaaxl e and

wherein 17 ea wheel includes an outmar aC|ng sUbSt ant i y 18

henlsphérlcal surface with a circunferentlal edge to 19 contact the well

bore wall s,are | oc t%z on outer .surfaces of the body,
t

1
22 the élzéx I%ﬁngwhgeﬁs%gee %89%?? S EFESER i%vﬁ?. i ons of the

wel | bowe wildi@utisr gfeividag anyoThangas: R4tea tthe bedyigraressval of the
roller sub framthe toal 25 string. 26 27 Preferably there are attachnent
means td fiSERRE \‘/'oﬁeé'ﬁéuc%f?bc?h%na@ﬁtéﬂeelﬁr &F8r ShFYghandt & 86dent neans i s

a qui ckg 294l %S%h%ha%haee&rm?%s Surt,h@thet Q@-s‘ﬁ’@ﬁehémﬁﬁﬂs}?@g 30, swi t ched

or replaced easily. The attach means may be a_spring action.
connect 8r sdomgatet hedwhéardupingi denneddr §ﬁaDSfiDr lpretérabthe al so the

Mheelslgaylﬁﬁwngﬂnkﬁg g@rlng and one or more pairs of roller

11 wheels mounted on the body for contacting a wall of the
12 well bore, wherein the body comprises a plurality of

13 narrowed portions on a first plane parallel to a central
14 longitudinal axis of the body through which are located
15 respective axles perpendicular to the longitudinal axis,
16 a palr of wheels being mounted an each axle and wherein
17 each wheel includes an outward facing substantially

18 Themispherical surface with a circumferential edge to

19 contact the well bore wall.

20

21 As the wheels are located on outer surfaces of the body,
22 the size of the wheels can be varied to suit the

23 dimencsions of the well bore without requiring any changes
24 to the body or removal of the roller sub from the tool

25  gtring.

26

27 Preferably there are attachment means to £ix the wheels
28 to the axle. Preferably the attachment means is a quick
29 release attachment means so that the wheels can be

30 switched or replaced easily. The attachment means may be
31 a spring action comnector so that the wheels provide a
32 ‘snap-fit’., Preferably also the wheels may be mounted on

33 the axles so that they turn independently of the axle. In



33 the axles so that they turn independently of the axle. in W 2005/111368
PCT/ GB2005/ 001891 4 1 this way each axle nay be fixed. A fixed axle 2
advant ageously allows a bore to.be |ocated through the 3 body and axles so
that a ceny, oPAsS@Ye is provided on 4 the |ongitudinal_axis through the
system 5 rererably the body conprises flared secti Bh¥CPEEiAY*¥ach 7
end of the narrowed portions. The flargd sections provide 8 protection for
t he wheel s when the systementers a 9 restriction in the well bore. 10 11

Preferably .each [ els ar cated 20 12 such that their
heni sphgrl c%’l%%sur a%aécghda\g’gﬁrl%aéyan T x§1‘31 i psglﬁ‘ﬁ t?‘lXJ‘L?l rst plane. in this
way t.hez2r olddmntdgeyst by ad 1dwpreflgrmnticabky lotaead tlarbidhgecide edges onto
15 the Low. side of th wel | r 16 17 Alternatiyel each_pair of wheels
are | ocat eds¥ eng a’f 2F2 'gb"ttf'n 3 AP HRe Paﬁﬁﬁ‘?gphﬁrﬁx%% 149 f%tes descri be

a 19 cincl erenibhgithdsiapl 00 dirddyrs cegbadsaeRt the roller 20 sub system
further conprises biasing means to orient the 21 wheels within the well

bore. ThRe biasing means may be a 22 weight |ocated of f- centre in the body.

The wei ght prRYeRen1 23R QbR oA 2O trh9Reaf < %@&&9@/ Q@i ved, the

24 remai ning portion providing the off-set weighting Pre erably al so
a swivel i endoefl thetrartrwdeddyer tipnshi @hezflmydth%c‘sy@m@r@m&m ent

I tself én tpr}%t\é%l:g.ogofgr elﬁ?é'%eefs when the system enters a
9 restrlctlon in the well bore.
10
11 Preferably each pair of wheels are located on the axle
12 such that their hemispherical surfaces describe an
13 ellipse on the first plane. In this way the roller
14 system will preferentially orient to bring the edges onto
15 the low side of the well bore.
16
17 Alternatively, each pair of wheels are located on the
18 axle such that thelir hemispherical surfaces describe a
19 circle on the first plane. In this embodiment the roller
20 sub system further comprises biasing means to orient the
21 wheels within the well bore. The bilasing means may be a
22 weight located off-centre in the body. The weight may be
23 provided by a portion of the body being removed, the
24 remaining portion providing the off-set weighting.
25
26 Preferably also a swivel is coupled to the body. In this
27 way the system can orient itself in the well bore easily.
28 | |
29 According to a second aspect of the pregent invention
30 there 1s provided a bhody for use in a roller sub system,
31 the body comprising an elongate member including
32 connector means for locating the body on a tool string in

33 a well bore, a plurality of narrowed portions on a first



29 According to a second aspect of the present invention 30 there is
provided a body for use in a roller sub system 31 the body conprising an
el ongat e nmenber including 32 connector neans for |ocating the body on a.
tool string in 33 a well bore, a plurality of narrowed portions on a first
WO 2005/ 114365 2005/ 001891 5 1 plane parallel to

| ongi t udi nal ag?EIggBthe body 2 through.which are |oca¥§He§§@%@§FPV9 axl es
perpendicular 3 to the.longitudinal a%is, and each axle including 4
attachnment neans for mounting a roller wheel thereon. 5 6 Preferably the

attachment gieanrs jas=d1¢01 ¢k kekeaseal BidACwmALk1Mans 68 thathdde wheel s
can be SMAtChed or .8 replaced easily. The attachnent neans %abe a spring
9 actioR cdﬁH%E%%%“@BC@h&Fetﬁ@cﬁh%él%ﬁiﬂQﬂE%ﬁﬁ axlefaperpendiculpmr of er abl y

al so the Wt%ﬁ't%é@bn%%tﬁ'aliﬂh@daﬁﬂst hgnfd L5, %9:1e1%nk*ﬂa31£86y turn
i ndependently of the axle. in this way 12 each axle may be fixed. A fixed

axl e ad¢antedesipsiont 1@eas fas Bower g @ kellerawbgednthheednngi t udi nal axis
14 throygh the body. 15 16 Preferably the body conprises flared sections
facing each 17 end of the narrowed portions. The flared sections provide

18 protéctiRneﬂamah&WEtwaeetSach@enQOmé&nﬁ ﬁmdp.maﬁckuréheaseonprise bi asi ng

b1 a1 ng 22 AR BEBowBPoREat oot dibaie et PE PR FRE"Boty. 23 The
wei ght gay e lpced dediby.a pRetioracindrie reesdy heinge 24speimyed, the
renalnlng %&&hb%hc%%%ggggggsghghgiftﬁénwﬁeels provide a ‘snap fit’.

10 Preferably also the wheels may be mounted on the axles so

11 that they turn independently of the axle. In this way

12 each axle may be fixed. A fixed axle advantageously

13 =allows a bore to be located on the longitudinal axis

14 through the body.

15

16 Preferably the body comprises flared sections facing each -

17 end of the narrowed portions. The flared sections provide

18 protection for the wheels. |

19 | |

20 The body may further comprise biasing means tc orient the

21 body via the wheels within the well bore. The biasing

22 means may be a weight located off-centre in the body.

23 The welight may be provided by a portion of the body being

24 removed, the remaining portion providing the off-set

25 weighting.

26

27 According to a third aspect of the present invention

28 there is provided a roller wheel set for use on a roller

29 sub system, the set comprising a plurality of pairs of

30 wheels, each wheel including an outward facing

31 hemispherical surface with a circumferential edge to

32 contact the well bore wall and means to locate the wheels

33 on opposing ends of an axle.



25 meighting. 26 27 Accordlng to a thlrd aspect of the present invention 28
there is provided a roller wheel set for use on a roller 29 sub system the
set conprising a plurality of pairs of 30 wheels, each wheel including an
out ward fa%k?ﬂp%ﬁgﬁﬁ”]Spher'cal surface with a circunferential edge to 32

contact the e wal |l and means to |ocate the wheePST/GB200§A018Hp0si ng
ends of an axle. WD 2005/111368 PCT/ GB2005/001891 6 1 2 Preferably the set
conprises two pairs of wheels having identical circunferential dianeters.
Advantaqgously the 4 set conprises a plurality of pairs of wheels wherein a
5 first plurality of pairs have wheels with a first 6 circunferenti al

di anet ez arpk<fese®oRdrBbUsati bympTifes rswvo pallave owhgabelwi hivangecond
C|rcunferegﬁial dianeter. In 8 this_way the roller systemcan be nodified

for difPerefentécad| FiksreEerenrial Fratesexs-y PARaRtRgeRHEY tRRins is a

qui ck rel eapa: 12 EE@EQ”E”%lﬂ?§B§t§OOE fﬁélﬂéﬁ%fvv%ﬁ@biscarﬂe%lﬁwched or 13
repl aced easily. he attachnment neans nmay be a spring 14 action connector

so that 5t hefiifdePduprditecd Pahtip-Have whepdsigikhbadEaeats of the present
VST €)W e L SSEELDEE ol gtk 100! be ML ol rence
cross-séct itona whieedaghithAa(sgcond circumferential diameter. In
8 this way the roller gystem can be modified for different
9  well bores., ' | .

10

11 Preferably the attachment means is a quick release

12 attachment means so that the wheels can be switched or

13 replaced easily. The attachment means may be a spring

14 action connector so that the wheels provide a ‘snap-fit’.

15

16 Embodiments of the present invention will now be

17 described, by way of example only, with reference to the

18 followings drawings, of which:

19

20 Figure 1 is (a) side, (b} cross-sectional through A-34, (c)

21 c¢ross-sectional through B-B and (d) plan view of a roller

22 sub system according te a first embediment of the present

23 invention;

24

25 TFigure 2 is (a) side, (b) cross-sectlonal through a-3A, (c)

‘26 end view of a roller sub system according to a second

27 embodiment of the presgent invention;

28 '

29 Figure 3 is {(a)} side, (b) cross-sectional through A-A, {c)

30 end view of a roller sub system according to a third

31 embodiment of the present invention; and

32



21 cross-sectional through B-B and (d) plan view of a roller 22 sub system
according to a first enbodi nent of the present 23 invention; 24 25 Figure

2 is (a) side, (b) cross-sectional through A-A (c) 26 end view of a roller

sub syst emyas s /@%‘19& to a second 27 enbodi nent of the present invention;, 28
29 Figure 3 1s %a “side, (b) cross-sectional through A- RCUGB20088018%y vi ew of
a roller sub systemaccording to a thigd 31 enbodi nent of the present

i nvention; and 32 WD 2005/111368 PCT/ G112005/001891 7 1 Figure 4 is a plan

vi ew of a rgl ub .sys di t.0._a _faqu | f the

pr esent J‘i nvEge]in Lﬁ%n% gs % é(g?}é?g%(%% éljfs]g? nllzcﬁ%rl f(lr?r’a %Q%ﬂﬁ%ﬁ%@}lﬁ% t he
drawi ngg8 Savd devirithustnbatiément rof | e sudeseyst émyvegehenal |y 6 indi cated by
referenge numeral 10, according to a first 7 enbodi ment of the present

i nventi don. System 10 conprises 8 a body 12 and two pairs of roller wheels

l4a, b and Ieffdrence 168 Badyid?2lvsmgbneialdiyuey tndEi eheé Rasrhggat its ends
18, 20 %1 cqQnnect, IELS 22,24 to naii W th respective conggctors of a 12 tool
string notWiELI‘Fg ’vvrjrﬁ UEFBRATFES P r 8Pl 6R SUP PREBod§e"E521%Y has a cylindri cal
porti ong26,indiicelkcBALONE fateAc St BlnerdA 24D ,t QcRHOMEHE Bonarfomed portion

30a. The narrowed 15 portion 30a is substantially rectangular with a w dth,
in 16 3 fiPECHMIAE, OfhFeR PEesHal | Ervaria®nt-he SHEAREL &P efmphises 7

cylindrical, septi 98 26a3Bfo Bplek gty W SALE! a9t B2a, b and 16a,b.
. . ) . .

10 Body 12 is generally cylindrical having at its ends 18,20
11 connectors 22,24 to mate with respective connectors of a
12 tool string (not shown). From a first end 18, the body
13 12 has a cylindrical portion 26, which narrows at a step
14 28 to provide a narrowed portion 30a. The narrowed
15 portion 30a is substantially rectangular with a width, in
16 a first plane, which i1g smaller than the diameter of the
17 cylindrical section 26 and a height greater than the
18 diameter of the cylindrical section 26. The narrowed
19 portion 30a is terminated by a second step 32 where the
20 body 12 has an extended cylindrical portion 34 which has
21 a diameter greater than the cylindrical portion 26. The
22 remaining body 12 from the cylindrical portion 34 to the
23 end 20 is a mirror image of the body from the first end
24 18 at the portion 34.
25
26 The narrowed portions 30a,b each present parallel faces
27 36a,b perpendicular to the first plane. Centrally
28 through each narrowed portion 30a,b, between the faces
29 36z,b is a circular boxe 38. A raised circular rim 40a,b
30 1is provided at the opening of the bore 38 on each face
31 36a,b. Through the bore 38 is located an axle 42. The
32 axle 42 is a cylindrical rod, centrally located within

33 the bore 38 with ends 44a,b extending through the rims



18 di ameter of the cylindrical section 26. The narrowed 19 portion 30a is
termnated by a second step 32 where the 20 body 12 has an extended
cylindrical portion 34 which has 21 a diameter greater than the cylindrical

portion 26wolRes/11d7ssr enai ni ng body 12 fromthe cylindri 34 to the
23 end 20 is a mrror imge of the body fromthe first Eégcﬁgﬁé@gﬂgt t he

portion 34. 25 26 The narrowed portioms 30a,b each present parallel faces
27 36a,b perpendicular to the first plane. Centrally 28 through each

narrovwed partd,®n 3@acbsebsbieenidds fAGLSrrdBgdBanbiiiSe® €héCakkrd bore 38. A
raised circular rim40a,b _30 is provided at the opening of the bore 38 on

each fade %1 3%96htHHe PRFSLIH Thebrotadion pécahedaahe a4f eviithiThe 32 axle

42 is aacylauw@o&@ 380d, TReNFeddy dppat et Bip £33 $he Q% foid W th ends
44a, b extendin S through the Tinms WO 2005/ 111368 PCI/ GB2005/ 001891 8 1

40a, b. & edd® K8 a53aBIed elmrg amydd Hetomeshet atanfled 2 42 and the. bore
38 to aid r, égﬁﬁ&chﬁ gggtfgé A2 within 3 the bore 38. .-The grease seals

46a,b are f via a grease ni ppl e 48 arranged in a port 50 on the
ext ended 5 cyllndrlcal portion 34. 6 7' Each nar r oned portlon 30a is

term nate flared 8 _sect ons teps 2 espectively. The
9 steps’2 R\Pee ngdngf égf ﬁuBa g’@ﬁ gl |rcIe havi ng a

centre at té&tam& sbat beoborige 3&@312@ 3h1r6ls§@6t§{regf€at’ﬂﬁethan t he hei ght
of the narromed paortion, 12 30a.: 13
9 steps 28,32 with the flared sections 52a b lie on a
10 circle having a centre at the axis of the bore 38 and a
11 diameter greater than the height of the narrowed portion
12 30a.
13
14 The roller sub system further comprises the roller wheels
15 14,16. Each roller wheel 14,16 is identical, being a
16 hemisphere. This provides a curved surface 54 and a rear
17 planar surface 56 which meet at a circumferential edge
18 58. The edge 58 is rounded to provide a smooth contact
192 surface with a wall of a well bore. A circular recess 60
20 is provided on the rear surface 56 which provides
21 clearance for the rim 40, so that the wheel 1lda meets the
22 face 36a. A deeper centrally located recess 62 is also
23 provided for locating the wheel 14a on the axle 40. The
24 wheel l4a 1s a snap-fit on the axle 40 via canted coil
25 springs 64 which locate in a groove €6 in the recessg 62.
26 An access port 68 is also provided through the wheel 14a
27 at the centre of the curved surface 54. The port 58
28 provides access for a screw to mechaniﬁally connect the
29 wheel lda to the axle 40.
30
31 It should be appreciated that alternative mechanical

32  locking devices may be emploved in place of the canted



14 The roller sub systemfurther conprises the roller wheels 15 14,16. Each
roller wheel 14,16 is identical, being a 16 hem sphere. This provides a
curved surface 54 and a rear 17 planar surface 56 which neet at a

ci rcunf er epfg Aos/edsk® 18 58. The edge 58 is rounded to p npot h
contact .19 surface with a wall of a well bore. A circhQﬁhgz@g@@' 20 is

provi ded on the rear surface 56 which grovides 21 clearance for the rim 40,
so that the wheel 14a neets the 22 face 36a. A deeper centrally |ocated

recess 62 csial 86+123aPbaYi 5011 80nd ASRUING-LHR WheBho 14p-on the axl e 40

The 24 wheel 14a 1is a snap-fit on the axl via canted coil 25 springs 64
- whi ch |%caﬂ@cpﬁpargt@ngesgseWﬁ,tmmnseneﬁ@c$2ng 26nga.access port 68 is al so
provi deg through the wheel 14a 27 at the centre of the curved surface 54.
The port 68 28 provides access for. a screw to nmechanically connect the 29
wheel 14a tfbet wbeakbeld01638re3diddd sholl dhbe appyefial eche hat alternative

nmechani cal __32 | ocgki ng. devices may. he enpl o d in place, of the canted WO
2005/ 11 36§‘%€?¥’%§2€6ng6&8§% ‘Xltq'teo' nBés TRt hg those known

to the art cuavhaﬁ@épﬁha&hngsS§x§yﬁu1ypigmlqrerl QﬁlﬁhnﬁhéiﬂgélusB ofd The wheel s
14,16 are sized such that they fill the 5 narromedngortlon 30a and the edge
58 has & r S8FyetBres Euriat BFePs o 4-s TSisgRELowe nilhe e¥hedlanl4/Hé r adi us of

7 cur Va@ ur %oOEoEQEeS{vEQﬁ @ﬁe 3Qxlérhi§ Aldaus t I@‘ﬁe"‘@fé@%l&"lé@ $ to rotate

with the axle 40 freely. wheel s. 14a, 16 ‘9 exten eyond t e height of the
narrowedl pexrLiend Beﬁoniotmuhew@erﬁ §1@omaat@;pwgétmeehmrhe3%dy 12 and the

wal | OiO This prevents contact between the body 12 and the wall of

11 the well bore.

12

13 Each pair of wheels 14,16, when located on the body 12,
14 provides an elliptical or oval profile to the body 12 in
15 the first plane. This means that the hemispherical

16 gurfaces 54 will provide a smaller contact area to the
17 wall of a well bore than the edges 58 and extended

18 portion 34. In this way the roller wheels pairs 14,16

19 will preferentially roll the sub 10 to a positions as

20 illustrated in Figure l{c) with the edges 58 lowermost.
21

22 In use, the roller wheel diameter is selected to be close
23 to, but less than the smallest clearance diameter in the
24 well bore. The selected wheels 14,16 are then clipped

25 onto the axles 40 using the canted coil springs 64.

26 Screws can also inserted through the ports 68 teo provide
27 a permanent fixing if required. The axle 40 is greased
28 wvia the grease nipple 48 so that the wheels 14,16 can

29 rotate freely on the body 12. The roller sub system 10
30 is then mouﬁted on a tool string using the comnnectors

31 22,24 as ig known in the art. Any number of roller sub
32 systems can, be located on the string and they are

33  typically placed at regular intervals.



11 the well bore. 12 13 Each pair of wheels 14,16, when | ocated on the body
12, 14 provides an elliptical or oval profile to the body 12 in 15 the
first plane. This nmeans that the hem spherical 16 surfaces 54 will provide a
smal l er co '’ to the 17 wall of a well bore tha edges 58 and
ext ended 1?%%???5%%34 In this way the roller wheels pEF;F@%MJS B9 will
preferentially roll the sub 10 to a pggitions as 20 illustrated in Figure
1(c) with the edges 58 lowernost. 21 22 in use, the roller wheel dianeter
is selegted to be close 23 to, but less than the smallest clearance
dianmeter in the 24 well bore. The selected wheels 14,16 are then clipped 25
onto thé adhes s4@iusi hy thencammeﬂﬁuoblws@ﬂihgse64An26mGMemwmtaﬁh al so

i nserted t u orts_68 to.provide,.27 a,permanent, fi xi required.
The axlg 4%11%3%3%@?65“38 VY%I cga grpeogslglﬁl ppfgf4§a1§%et'ﬁ%? chﬁlgél Shheel s 14, 16
can 29 notam@eﬂseebycontabe biodlywd2l ofheheolwbel Bubesysdesrlhg 30 is then

nount ed _on to strin i ng the connectors 22,24 _as is known in the
art. Any n %6%n90||€? %%9 e SRAEETEaRThE %FOW%?%HSdﬁV?%éistrlng and

they areg B&émapﬁairéyp@éaéﬁas adn rEOMA coRtehvahs. s 2005014368
PCT/ GB2005/001891 10 1 2 The string is then run into a well_ bore. Any

novemen? oft® Fefhreesthenfriebhon Relmgsgalthpostring and| thavselkhe roller 4
wheel s b0 GaNLAC e MBL1aols NGARId AT BoPt PLAEL Nne e 1 NG, Further

the curvature of the wheels over a hem sphere presents an nost
cont i nuBus 1¢mdét Widdr lieecagainst a low side of the well bore. When

10 this occurs, the system 10 is unbalanced if the edges 58
11 are not in contact with the low side of the wall. The sub
12 10 will then tip from a hemispherical surface 54 onto the
13 edges 58 to provide a balanced position. The wheels

14 14,16 can then drive the sub 10 and string through the

15 well bore. Alternatively or additionally, the wheels

16 14,16 can rotate to reduce the friction retarding the

17 passage of the sub 10 and string through the well hore.
18 '

19 Reference is now made to Figures 2 of the drawings which
20 illustrates an embodiment of a roller sub system,

21 generally indicated by reference numeral 110. The sub

22 system 110 is substantially similar to the sub system 10
23 of Figure 1 and like parts have therefore been given the
24 same reference numeral with the addition of 100. 1In this
25 embodiment the extended portidn 134 has been retained at
26 a diameter equal to the end portionsg 126, different

27 connector types 122, 124 have been illustrated and the
28 recess 160 is now a close match to the rim 140. This

29 embodiment operates in an identical manner to the sub 10
30 of Figure 1.

31

32. However, when the tool string requires to enter a section

33 of the well bore with a narrower diameter, the second



7 to reduce the friction between the string and the wall. 8 If the well
devi ates towards the horizontal the wheels 9 14,16 will |lie against a | ow
side of the well bore. When 10 this occurs, the system 10 i s unbal anced if

t he edges %o 20bdnake not in contact with the |ow side o w.yne sub
12 10 wll then tip froma hem spherical surface 54 ont %C#%Zﬂe{@é&%%‘ges 58 to

provi de a bal anced position. The wheelig 14 14,16 can then drive the sub 10
and string through the 15 well bore. Alternatively or additionally, the

wheel s 116 JgotA-eap Lahale Laabeducs, Lhenfdd Ghiopytgiandingsghe 17 passage

of the sub 10 and string throug we ore. erence i s now nmade
to Fi guRes R agfetiehs .dr @rengsobhiéthin@Old |firsttr uéd ednoehbodi nieat of a roller

sub system rally indjcated, by reference, numeral 110, The sub 22
system 10 “lreé']ls%%%{%a%?fiél Wﬁgfsl?lrlnglg:i’s %Sﬁnf?zl%b%??sggﬁllﬁg’ gﬁe,of Figure 1 and
| i ke paunts Wised st hanelbbeabeepulay@mthaha?2bcsigneivef ehencantederal with the
addition of 1Q0. In 25 eandinent t he extended portion 134 has been

t hi
retai ned at®® sEr&Pgﬁeig? BHUAF9E & t PR SpdPLtons Y188, CafFferent 27

connect gr tiyessi22o rémohiavenbepredld usts atigdrandating, 28 recess 160 is now
a close match to the rim 140. This 29 enbodi ment operates in an identical

manner fo tHesddbute wheeds HGuits haying 3 srpdhevefiafREAT t#ee t ool string

requireg t i 3 f ho i a .di amet er,
t he secgndqﬁﬁﬁég%gﬁf§§%%88%%ﬁ7%%gd%%ﬁgg' 9%1g1%ﬁfwgg SdfﬁgﬁégggﬁL e adapted

to redu@e tdmeriwgeel 114,116 2 dianeters. The tool string is first pulled
out oflbhe

11 Reference is now made to Figure 3 of the drawings which
12 illustrates a roller sub system, generally indicated by
13 reference numeral 210. Roller sub system 210 is the body
14 112 of system 110 with smaller wheels 214,216 fitted. As
15 illustrated in Figures 2{c¢) and 3{(c), the overall

16 diameter of the sub 110,210 is dictated by the diameter
17 of the wheels 114,116,214,216 usaed. Thus the sub 210,

18  having smaller wheels can access well bores of narrower
19 cross-section than the sub 110. Conversely, the sub 110
20 advantageously provides more resistance to wear and a .
21 lower coefficient of friction than sub 210. Thus for

22  maximum efficiency the greatest wheel diameter should be
23 used., A roller sub system may therefcre be supplied with
24 a single body and a number of pairs of wheels of varying
25 diameters so that a user can adapt the system for use in
26 the well bore at the time. |

27

28 Reference is now made to Figure 4 of the drawings which
29 illustrates a roller sub system, generally indicated by
30 reference numeral 310, according to a fourth embodiment
31 of the present invention. Like parts to those of Figure
32 1 have been given the.same reference numeral with the

33 addition of 300. Sub 310 comprises a body 312 on which



3 well bore and, w thout disassenbling the string, the 4 wheels 114,116 are
pul l ed off the body 112. The canted 5 coil springs 164 provide a snap-off
facility so that it 6 is easy to renove the wheels 114,116 nmanual ly. 7
Substitute wheels 214,216 having a snaller diameter are 8 then connected
onto the badydstdisa the same canted coil 9 springs. JdOnchheBsfigrnence is
now made to Figure 3 of the drawings which 12 illustrates a roller sub
system. generally indicated by 13 reflerence nuneral 210. Roller sub system
210 is the body 14 112 of system 110 with smaller wheels 214,216 fitted. As

15 il ustr afred lioRakiequEesr 2¢c) landi{«l)s 3M1he 30¥er abhe IGhekbget er of the sub
110,210 is

gic%gted by the gigneter 7 of the wheels 114, 116, 214, 216 used.
Thus the sdb%2$3® 21§ ﬁﬁ%?ﬂ e et I e SleaNiac®esd*h®| 45 bores of
narrowes Hsef@bedsBekbonAbéhare thiects W Filn gonyersghye 1he sub 110 20
advantageously provi des nore resistance to wear and a . 21 |ower

coeffic enﬁO@FV?FPth@nPPHE%O%LﬁﬁQﬁhftﬁmwwstﬁ@rwhﬁeﬁ%x$%%n$%ﬁficienéy t he
great est whegl-dLanpt e, shourbdes 23 lﬁ%d 3eéc&gté el ﬁgpcfé(ss‘cr?fgl@y
I I ody and a nunber

therefore be supplied with 24 a single of pairs of wheels
of varybngpl2Begi.aneters so that a user can adapt the systemfor use in 26
the well bore at the tine. 27 28 Reference is now made to Fi-gure 4 of the
drawings which 29 illustrates a roller sub system generally indicated by
30 ref egendensoer aL0318, bhasad diggsito va thotthehe@gbodi Pendn Rde of t he

present o Tnyerlion, Like parisy Lo Lhose ol Fouce, 92,0 have begn aiven
body 3i2 oRighb€l-centre. In the sub 312 this is achieved through

11 an elongated middle portion 334 between the wheels

12 314,316. Portion 334 is part cylindrical formed from a
13 cylindrical member with a portion removed from one side.
14 This same effect could be achieved by locating weights
15 asymmetrically within a housing or making the member of
16 combinations of materials.

17

18 At a first end 318 of the sub 310 there is a swivel 313
19 Jlocated on the tool string. The swivel 313 allows the
20 sub 310 to rotate relative to the tool string above. At
21 a second end 320, an end pilece 315 is attached to

22 illustrate that the sub 310 i1s suitable for location at
23 any position within a string. It will be appreciated that
24 the end piece 315 could equally be a gauge or other

25  downhole measuring device.
26

27 The principle advantage of the present inventi&n ig that
28 it provides a roller sub system in which the roller

29 wheels are interchangeable on a single body, while the
30 body can remain in a tool string, so that the largest

31 possgible roller diameter can be used for maximum

32 efficiency in a well bore.

33



WO 2005/ 111368 PCT/ GB2005/001891 12 1 are |located four roller wheels

314, 316. The wheels 2 314,316 are attached to the body 312 via an axle as

3 described hereinbefore with reference to Figure 1. 4 However, the portion
330 betwe t | s 314,316 5 together with the whe escri be a
circle |negpﬁﬂ%gw%?gnes -7 8 The sub 310 is biased toq§ﬁ¥é%ﬁ?%&$ﬁg edges
358 on the 9 low side of the well bone by virtue of |oading the body 10
312 off-centre. In the sub 312 this is achieved through 11 an el ongated

m ddl e portd Ghrdddrbetvaatagbe; Whealts ti2 vdihg3hBni Behti 0fa B3l fepart
cylindrical formed froma 13 cylindrical menber with a portion renoved from

one sidé. WSS soRdetBef ek ALE HE SOMtagEdWhEh| BRAtVRHL V& ghts 15

asymet gi caéﬂeweltlhuoere BOUSI NG QedTBKirRG & heapepher gh1y 16 coyrbi nations of
materials. 17 18 At a first end 318 of the sub 310 there is a sw vel 313

19 | ocated the Mﬁ@eﬂeelWb@ﬁhn@re1¢ﬁ§¥iM\nﬁplaﬂgabﬂﬁems the 20 sub 310 to
rotate pelative to the tool string above. At 21 a second end 320, an end
piece 315 is attached to 22 illustrate that -the sub 310 is suitable for

| ocati oA aat 28 lanpepusideranoad thy nthesst mkidlebt ini theberappraci at ed t hat
24 the iece 315 .¢

uld e ual | e.a _gauge ot her 25 downhol e neasuring
device O?ﬁemﬁﬁﬁﬁ&F%F% %Jﬁ%fgéeﬂﬁgéiﬁe gﬁgséﬂYe? Véhtion is that 28
it prOVBdGSie%cﬁ:Qhab@U hewlisy®i et d@pa@tm@ef&e{nl ehe28ciheel s are
|nterchangeable on a_single body, while_the
thereof. For eéxample, any number of pairs of wheels may
10 be located on the body. Further the wheels may rotate
11 with respect to the axles. The axle is then fixed to the
12 narrowed portion. A central bore can be arranged through
13 the body and as such the sub can then accommodate the
14 passage of wireline, fluids or other tools through the

15 ©bore of the tool string.



30 body can remain in a tool string, so that the largest 31 possible roller
di aneter can be used for maxi num 32 efficiency in a well bore. 33 WO

2005/ 111368 PCT/ GB2005/ 001891 13 1 A further advantage is that by using

hem spherical roller 2 wheels, only t wheel s are in contact with the wall
of 3 the well bore at all tines. Thus wear will only be to 4 the wheels,

whi ch are ed¥¢tlgintepl aceable. 5 6 it will be understood by those skilled in
the art that 7 various nodifications may be nade to the invention 8

descri bed herein without departing fromthe scope 9 thereof. For exanple,
any nunber df Apallersubfysighetr gseniny tod Giribe 19 tdededtiction betveeeh deystringand her t he

wheel s may rQf Fei%hh%tﬂp: Skﬁ‘%ggﬁ&l,t gﬁ;s@ﬁc%hlqﬁ%gjhe axle is then fixed to

the 12 narrowe I on. entral bore ca arranged through 13 the
body and as a8&ohgathlody isluding cotreatonmeamsimderating thebddy opdlsswing: ofd wi rel i ne,
fluids or ot 0al s. . ) W claim
1. Aroller Ogggr 'Iélg'g gwn’% %r?ﬂ%&h%@ﬁmgﬁ@g%ﬁﬁ %’? ?ﬁ%ﬁfgén?aghrﬁée% lr1 ?Etth%gyﬁubet ween
the string ded;a well bore in which the string is run, the system

conprising: an.elen e incl udi ng connector means for | ocating the body
on The st i a0 3R oRRiNes UL OBp T B A el Tt e €Re boay
for contact icagrah lwalifudiodl ttie ofethe bodprieiougth evhédhn atch®clyod esponipe | 8&3 a

plurality of narro ortion n.a firs | ane parallel tg a. central
Pongi tuch naPeRRraclF ' RE et et ungnetl e dPen Bodafin odubie Ve ol es
per pendi cul ahd wheteteeatlo ngedl tebilutiad ampxit®ardefadhdd substhntiatie @biBisfietiod soidaeat ed an
each axle; with a circumferential edge to contact the well bore wall;

and further wherein each pair of wheels is located on a respective axle such that the

hemispherical surfaces of the wheels in each pair describe an ellipse on the first plane.

2. A roller sub system as claimed in claim 1, wherein there are attachment means to fix

the wheels to the axle.

3. A roller sub system as claimed in claim 2, wherein the attachment means is a quick

release attachment means so that the wheels can be switched or replaced easily.

4. A roller sub system as claimed in claim 1, wherein the wheels are mounted on the axles

so that they turn independently of the axle.

5. A roller sub system as claimed in claim 4, wherein the axle is fixed and a bore is
located through the body and axles to provide a central passage on the longitudinal axis

through the system.

6. A roller sub system as claimed in claim 1, wherein the body comprises flared sections

facing each end of the narrowed portions,

7. A roller sub system as claimed in claim 1, wherein each pair of wheels is located on an

axle such that their hemispherical surfaces describe a circle on the first plane.

8. A roller sub system as claimed in claim 7, wherein the roller sub system further

comprises biasing means to orient the wheels within the well bore.



and wherein each wheel includes an outward facing substantially

hem spherical surface wth a circunferential edge to contact the well bore
wal | ; and further wherein each pair of wheels is |ocated on a respective
axl e such that the hem spherical surfaces of the wheels in each pair
describe an ellipse on the first plane.;.2. Aroller sub systemas clained in
claim1l1, wherein there are attachnent - &éans to fix the wheels to the axle.
3. Aroller sub system as clained in claim2, wherein the attachnent neans
is a quick t n h {ched or
repl aced ea5| I Fﬁ%ﬁ '% WF{ES %1?11 %?hn gs% Ealgﬁr}ééé\@%%% n%% ?% ‘\?\%}%r ein the
wheel s are dmmnﬂ@ﬁimmhdmamQMHgs so that they turn |ndependently of the
axle. 5. Aroller sub systemas clained in claim4, wherein the axle is
fixed and a bore is |I|ocated through the body and axles to provide a central
passage on tlieAl olgisubdystah aaxlrimedtinchingh, theeis st gntembiurtherrcomprdes aub syst em

ach endof TE i euelte bt Petrc® ok o i i LR P o 1

claim1l1, wherein each pair of wheels is |ocated on an axle such that their

hem spheric ace describe a circle on the first A roller sub
Cyotom as. ol i edIPBISSEH 75 CRRaR AR FRBIedt relfs PERpyeTy e

conpri ses biia&ititg ch@aterehittrl Qine®ds. t he wheel s within the well bore 15 9. A
roller sub systemas clained in claim8, wherein the biasing neans is a

wei ght |ocated off-centre in the body. 10. A roller sub systemas cl ai ned

in claimil, mhareid whde sty Sjsem AsWI4ied inCIRI 1, $Bsre a S p«@lahﬁrymbaﬁssofcoupl ed
to the body so that the system can orient itself in the wel[ bore. 11. A

roller sub swléﬂw\wlwlé%%& fir{ cipumferential digmerey v ggeopd PP grirdeel s

having i denifieehakl WKkeRT WO ik @d GHeaiRFAHA diakter A Bt Ih8TolkhSRlenS4R SYysStem
as clainmed in claiml1, wherein a first plurality of pairs of wheels have

wheel s wi t h bg mqdifisd feridifisent sl heenl di ameter and a second plurality of pairs
of wheels have wheels with a second circunferential diameter so that the
roller systemcan be nodified for different well bores.



