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end of the outer sleeve, the first thrust bearing being provided on the
mandrel; whereby if the drill This invention relates to a drill string
compo-  string component abuts the wall of a well during a nent, that is a
component which, in use, forms part  drilling operation the sleeve will
rest against the of a drill string for drilling a subterranean well, for
5   wall of the well and rotatably support the remainder example an oil or
gas well.                          of the drill string component out of
contact with the It is conventional in drilling deep subterranean  well
wall. wells to line at least the upper regions of the well    The present
invention is characterised in that with a metal casing. The drill string
used for drilling  said mandrel is additionally provided with an inner a
well is made up of a number of sections intercon-   10  sleeve fixed to the
mandrel to form a bearing nected by screw threaded joints and during
drilling  surface for rotatably supporting the outer sleeve on operations
the joints are liable to beat against the  the inner sleeve, the inner
sleeve having a radially casing. During prolonged periods of drilling this
can  outwardly extending flange at one extremity there- lead to damage to
the casing. The problem  is        of, the flange providing a second thrust
bearing for particularly acute in the case of wells which deviate  is   a
second  end of the outer sleeve for receiving axial from the vertical and
in cases where the rate  of   thrust loads in one direction from the outer
sleeve. penetration of the drill string is slow so that one     The drill
string component of the present in- particular joint will beat against the
same region of  vention may be embodied as a sub for insertion casing for a
prolonged period. In extreme cases,      between two adjacent elements of
the drill string, the prolonged contact of the tool joint against the   20
or may be embodied as a standard length of drill casing will damage the
casing to the extent that it  pipe. Each drill string component according
to the will be unable to withstand the designed operating   Invention may
be provided with a single sleeve or, pressures.
if desired, may be provided with a multiplicity of In an attempt to
alleviate this problem  it is   sleeves at various points along its length.
known to apply an elastomeric protector around the   25  Preferably, the
sleeve is retained on the re- drill string in order to protect the casing
from the  mainder of the drill string component between a effects referred
to  above. However, elastomeric     pair of opposing shoulders whereby the
sleeve will protectors are liable to deteriorate with the result  be
retained on the components even after exten- that the elastomeric material
may creep away from    sive wear to the various elements of the compo- the
joint and allow the joint to beat against the   30   nent. casing as
described above. Further, elastomeric         In a particularly preferred
embodiment of the protectors of this type are inconvenient in use
invention a sub is provided having a central man- since they must be
assembled onto the drill string   drel which is formed as two parts which
are screw as the drill string is made up at the surface of the  threadedly
interconnected in the zone of the well.
35  sleeve. In this way, the mandrel parts may be The present invention
aims to provide a drill    unscrewed from each other to permit removal of
string component ivhich will reduce or eliminate    the sleeve and any
supporting bearings from the wear on the casing resulting from rotary
contact      sub for service purposes. between the tool joints and the
casing for pro-         The invention will be better understood from longed
periods.                                 40  the following description of a
preferred embodi- US-A-3109501 discloses a gyroscopic guide        ment
thereof, given by way of example only, refer- for a rotary drill comprising
a mandrel having a     ence being had to the accompanying drawings bore
therethrough and being provided at each end     wherein: with threaded
connections for connection to adja-      Figure 1 is a schematic
half-section view of a cent components of the drill string. A gyro cylin-
45  drill string component according to the present drical casing is
provided for free rotation about the  invention; and mandrel on bearing
sets at each end of the casing.    Figure 2 illustrates the drill string
component of US-A-3104134 discloses a drill string compo-        Figure 1
incorporated within a drill string extend- nent adapted to form part of a
drill string, the drill  ing through a deviated cased well. string
component comprising a mandrel having a   5o     Referring firstly to
Figure 1 there is illustrated bore therethrough and being provided at
opposite     an embodiment of the present invention embodied ends thereof
with threaded connections for connec-   as a sub 1 for incorporation in a
drill string between tion to adjacent components of the drill string, and
adjacent lengths of drill pipe, or between a length being provided
intermediate the ends thereof with    of drill pipe and a well tool. The
sub 1 includes a an outer sleeve which is freely rotatably mounted   55
central mandrel 2 comprising an upper mandrel on the mandrel and has an
outside diameter larger    part 3 and a lower mandrel part 4. The upper
than that of any other part of the drill string compo-  mandrel part 3
incorporates a conventional  female nent, a first thrust bearing being
provided for a first  thread 5 for connection to an adjacent tool or drill
2 



3                 EP 0 479 927 B1                     4 pipe and the lower
mandrel part 4 incorporates a   tween the upper and lower mandrel parts.
conventional male thread 6 for connection to an        The outside diameter
of the upper mandrel part adjacent drill pipe or tool. In use, the mandrel
parts  3 corresponds to the outside diameter of the lower 3,4 are
interconnected by way of a screw threaded  mandrel part 4 at a point below
the shoulder 10, connection 7. When assembled together the man-   5   and
accordingly when the mandrel parts have been drel defines a through passage
8 which commu-      screwed together the inner sleeve 9 and all the nicates
with the through passages of adjacent drill  components mounted thereon are
held captive be- pipes or tools.                                    tween
the shoulder 17 of the lower mandrel part An inner sleeve 9 is mounted on
the lower       and the lower end face 18 of a thrust washer 25 mandrel
part 4 with a shoulder 10 at the bottom of  10   which forms the lower
extremity of the upper man- the sleeve in abutting contact with a
corresponding  drel part. shoulder 17 provided on the lower mandrel part 4.
The sleeve 11 is substantially symmetrically The inner sleeve is mounted in
a manner which      supported as regards axial thrust loading, down-
prevents rotational and axial movement of the      ward axial thrust
loading on the outer sleeve 11 sleeve relative tothe lower mandrel part.
The inner  15  being transferred to the lower mandrel part via the sleeve
may be secured to the lower mandrel by      body 22 of the lower seal
assembly and the flange any convenient means and in the illustrated em-
10 of the inner sleeve 9, and upward axial thrust bodiment the inner sleeve
is provided with an up-  forces being transmitted to the upper mandrel part
set 29 which engages a corresponding recess on      3 via the body 22 of
the upper seal assembly and the lower mandrel part. Additionally or
alternatively  20  the thrust washer 25. suitable pins or keys may be
provided to lock the      In use, the illustrated sub 1 is positioned In a
inner sleeve to the lower mandrel part. Additionally  drill string between
two other components of the or alternatively the axial length of the inner
sleeve  drill string, for example an upper drill pipe 19 and a may be
increased so that the upper end of the      lower drill pipe 20. In the
event that the sub 1 inner sleeve abuts the downwardly facing surface   25
comes into contact with the wall 21 of the well the 28 of the upper mandrel
part 3.                   outer sleeve 11 will be the first component of
the An outer sleeve 11 is rotatably mounted on the  sub to contact the
wall. Frictional engagement be- inner sleeve 9 by way of bushings 12,13. In
the    tween the outer sleeve 11 and the wall of the well illustrated
embodiment of the invention the bush-  will hold the sleeve 11 against
rotation, and the ings 12,13 are push fitted within the outer sleeve   30
mandrel 2 will be rotatably supported by the sleeve 11 and are fixed
relative to the outer sleeve. Seal  11 and bushings 12,13. In this manner,
abrasive assemblies 22 are push fitted within the outer      wear of the
wall of the well will be prevented. sleeve 11 after the bushings 12,13 have
been posi-    It will be appreciated that if desired the bush- tioned. Each
seal assembly 22 comprises a body     ings 12,13 may be replaced by any
suitable bear- 23 carrying inner and outer seals 24A and 24B   35  ing
arrangement, for example ball, roller, or taper which engage the outer
surface of the inner sleeve  roller bearings. 9 to prevent ingress of
contaminants to the zone of    In addition to eliminating the problem of
casing the bushings 12 13 and to retain lubricant in the   damaged outlined
in the opening paragraphs of this zone of the bushings. The outer sleeve 11
com-     specification use of the invention may enable drill- plete with
bushings 12 and 13 and seal assemblies   40  ing to be carried out using a
drilling mud having 22 is rotatable about the inner sleeve 9.          less
effective lubrication properties than that pre- During fabrication of the
drill string component,  viously required for operation of drill strings in
after the inner sleeve 9 has been located on the   deviated bore holes.
This may result in substantial lower mandrel part 4 and fixed in position
the outer  cost savings and a reduction in pollution problems sleeve 11
complete with bushings 12 and 13 and   45  associated with the use of oil
based muds. Use of seal assemblies 22,23 is lowered onto the inner    the
invention will, of course, produce a reduction in sleeve 9 until a thrust
surface 14 provided by the  torque loss as a result of drill string contact
with seal assembly 22 engages a corresponding thrust    the wall of the
well casing. face provided by a radially outwardly directed
Although the invention has been described in flange at the lower end of the
inner sleeve 9. A   50  relation to a component specifically manufactured
spring clip 16 is positioned in a groove provided on  to effect the desired
support of a drill string, a drill the inner sleeve 9 to maintain the
components in   string component can be provided to effect the the
assembled condition and an O-ring seal 15 is    desired support by mounting
a suitable sleeve on positioned in a retaining groove at the upper end of
an existing component for rotation relative to that the inner sleeve. The
upper mandrel part 3 is then   55  component. If a drill string component
is provided screwed onto the lower mandrel part 4 and the 0-   in this
manner an inner sleeve generally as de- 



ring seal 15 prevents the ingress of contaminants  scribed above can be
clamped to the outer surface to the zone of the screw threaded connection
be-    of the existing component to provide the necessary 3    5
EP 0 479 927 B1                     6 support forthe outer sleeve.
whereby the mandrel parts may be unscrewed from each other to permit
removal of the Claims
sleeves and any supporting bearings for ser- vice purposes. 1. A drill
string component (1) adapted to form    5 part of a drill string, the drill
string component  6. A drill string component according to claim 5,
comprising a mandrel (2) having a bore there-      wherein the inner sleeve
is fixed to one of the through and being provided at opposite ends
mandrel parts. thereof with threaded connections (5, 6) for connection to
adjacent components of the drill  10  7. A drill string component according
to claim 6, string, and being provided intermediate the        wherein the
second thrust bearing is provided ends thereof with an outer sleeve (11)
which is    on the mandrel part which does not carry the freely rotatably
mounted on the mandrel and        inner sleeve. has an outside diameter
larger than that of any other part of the drill string component; a first
15  8. A drill string component according to claim 7, thrust bearing (25)
being provided for a first     wherein thrust bearing surfaces are provided
end of the outer sleeve, the first thrust bearing  on the outer sleeve by
bodies of seal assem- being provided -on the mandrel; whereby if the
blies (22) which are located at opposite ex- <,   drill string component
abuts the wall of the well   tremities of the outer sleeve. during a
drilling operation the outer sleeve will  20 rest against the wall of the
well and rotatably  9. A drill string component according to claim 8,
support the remainder of the drill string com-    wherein a removable
retaining ring (16) is pro- ponent out of contact with the well wall;
vided on the inner sleeve to retain the outer characterised in that said
mandrel is addition-     sleeve on the inner sleeve during assembly of ally
provided with an inner sleeve (9) fixed to  25  the drill string component.
the mandrel to form a bearing surface for rotatably supporting the outer
sleeve on the    10. A drill string component according to claim 9, inner
sleeve, the inner sleeve having a radially   wherein a seal (15) is
provided between the outwardly extending flange (10) at one extrem-
inner sleeve and the thrust bearing mounted ity thereof, the flange
providing a second thrust  3o  on the mandrel part which does not carry the
bearing for a second end of the outer sleeve       inner sleeve, the
prevent the ingress of con- for receiving axial thrust loads in one
direction   taminants to the screw threaded joint between from the outer
sleeve.                             the mandrel parts. 2. A drill string
component according to claim 1,  35   PatentansprUche wherein the drill
string component is a sub for insertion between two adjacent elements of
the  1. Ein Bohrgestdngeteil (1), angepalt zur Bildung drill string.
eines Bestandteils eines BohrgestAnges, wobei das BohrgestAngeteil aus
einer Spindel (2) mit 3. A drill string component according to claim 1   40
durchgehendem Bohrloch besteht; an den ge- or claim 2, wherein the inner
and outer sleeves    genUberliegenden Enden des Bohrloches ist are retained
between a pair of oppositely di-       dieses mit Gewinden (5, 6) versehen,
die der rected faces (17, 18) provided on the mandrel      Verbindung mit
benachbarten Bauteilen im so that the sleeves will be retained even after
Bohrgestdnge dienen, ausgerUstet an den En- extensive wear of the elements
of the compo-  45   den mit einer AuBenhUlse (11), die frei drehbar nent.
auf die Spindel aufgezogen ist und deren Au- 13endurchmesser groler ist als
irgendein Tell 4. A drill string component according to any pre-      des
Bohrgestgngeteils; auf dem ersten Ende ceding claim, Wherein seals (24A,
24B) are         der RuBeren HUlse ist ein Drucklager (25) vor- provided at
the opposite ends of the outer  so     gesehen, das auf die Spindel
aufgezogen ist; sleeve to sealingly engage the inner sleeve to     im
Verlauf eines Bohrablaufs ruht somit die prevent the ingress of
contaminants to the         AuBenhUlse bei Kontakt des BohrgestAngeteils
zone of the bearings.                              .mit der Wand des
Bohrlochs an dieser und stUtzt drehend die restlichen BohrgestIngetei- 



5. A drill string component according to any pre-  5s  le, ohne diese in
Kontakt mit der Bohrlochwand ceding claim, wherein the mandrel is formed
zu bringen; gekennzeichnet dadurch, daB die as two parts (3, 4) which are
screw threadedly      besagte Spindel eine auf die Spindel aufgezo-
interconnected in the zone of the sleeve           gene InnenhOlse (9)
aufweist, die eine Lager- 4    5                 EP 0 479 927 B1
6     *    C      L     M    S    * support for the outer sleeve.
whereby the mandrel parts may be unscrewed from each other to permit
removal of the Claims
sleeves and any supporting bearings for ser- vice purposes. 1. A drill
string component (1) adapted to form    5 part of a drill string, the drill
string component  6. A drill string component according to claim 5,
comprising a mandrel (2) having a bore there-       wherein the inner
sleeve is fixed to one of the through and being provided at opposite ends
mandrel parts. thereof with threaded connections (5, 6) for connection to
adjacent components of the drill  10  7. A drill string component according
to claim 6, string, and being provided intermediate the         wherein the
second thrust bearing is provided ends thereof with an outer sleeve (11)
which is     on the mandrel part which does not carry the freely rotatably
mounted on the mandrel and         inner sleeve. has an outside diameter
larger than that of any other part of the drill string component; a first
15   8  A drill string component according to claim 7, thrust bearing (25)
being provided for a first      wherein thrust bearing surfaces are
provided end of the outer sleeve, the first thrust bearing   on the outer
sleeve by bodies of seal assem- being provided on the mandrel; whereby if
the      blies (22) which are located at opposite ex- drill string
component abuts the wall of the well   tremities of the outer sleeve.
during a drilling operation the outer sleeve will  20 rest against the wall
of the well and rotatably  9. A drill string component according to claim
8, support the remainder of the drill string com-      wherein a removable
retaining ring (16) is pro- ponent out of contact with the well wall;
vided on the inner sleeve to retain the outer characterised in that said
mandrel is addition-     sleeve on the inner sleeve during assembly of ally
provided with an inner sleeve (9) fixed to  25  the drill string component.
the mandrel to form a bearing surface for rotatably supporting the outer
sleeve on the     10. A drill string component according to claim 9, inner
sleeve, the inner sleeve having a radially    wherein a seal (15) is
provided between the outwardly extending flange (10) at one extrem-
inner sleeve and the thrust bearing mounted ity thereof, the flange
providing a second thrust  30  on the mandrel part which does not carry the
bearing for a second end of the outer sleeve        inner sleeve, the
prevent the ingress of con- for receiving axial thrust loads in one
direction   taminants to the screw threaded joint between from the outer
sleeve.                              the mandrel parts. 2. A drill string
component according to claim 1,  35   PatentansprUche wherein the drill
string component is a sub for insertion between two adjacent elements of
the   1. Ein Bohrgestfingeteil (1), angepalt zur Bildung drill string.
eines Bestandteils eines BohrgestAnges, wobei das BohrgestAngeteil aus
einer Spindel (2) mit 3. A drill string component according to claim 1   40
durchgehendem Bohrloch besteht; an den ge- or claim 2, wherein the inner
and outer sleeves     genuberliegenden Enden des Bohrloches ist are
retained between a pair of oppositely di-       dieses mit Gewinden (5, 6)
versehen, die der rected faces (17, 18) provided on the mandrel
Verbindung mit benachbarten Bauteilen im so that the sleeves will be
retained even after     Bohrgestdnge dienen, ausgerUstet an den En-
extensive wear of the elements of the compo-   45   den mit einer
AufenhOlse (11), die frei drehbar nent.
auf die Spindel aufgezogen ist und deren Au- Bendurchmesser gro6er ist als
irgendein Teil 4. A drill string component according to any pre-       des
BohrgestAngeteils; auf dem ersten Ende ceding claim, wherein seals (24A,
24B) are          der Au~eren HOlse ist ein Drucklager (25) vor- provided
at the opposite ends of the outer  50      gesehen, das auf die Spindel
aufgezogen ist; sleeve to sealingly engage the inner sleeve to      im
Verlauf eines Bohrablaufs ruht somit die prevent the ingress of
contaminants to the          AuBenhUlse bei Kontakt des Bohrgestangeteils 



zone of the bearings.                               mit der Wand des
Bohrlochs an dieser und stUtzt drehend die restlichen Bohrgestgngetei- 5. A
drill string component according to any pre-  5s   le, ohne diese in
Kontakt mit der Bohrlochwand ceding claim, wherein the mandrel is formed
zu bringen; gekennzeichnet dadurch, daB die as two parts (3, 4) which are
screw threadedly      besagte Spindel eine auf die Spindel aufgezo-
interconnected in the zone of the sleeve            gene Innenhilse (9)
aufweist, die elne Lager- 4    7                 EP 0 479 927 B1
8         1111111111111111111111111 *  C   L   M   S flache zur drehenden
AbstUtzung der auBeren     10. Ein Bohrgestangeteil nach Anspruch 9, wobei
HOlse auf der inneren HUlse vermittelt, wobel      auf dem Spindelteil, das
die Innenhalse nicht die InnenhUlse einen ringf6rmig nach auBen
tragt, eine Dichtung (15) zwischen Innenhlse gerichteten Flansch (10) an
einem Ende auf-         und dem Drucklager vorgesehen ist, die dem weist;
diesel Flansch vermittelt ein zweites   5    Eindringen von Fremdkorpern in
das Gewinde- Drucklager fqr das andere Ends der AulenhUl-       teil
zwischen den Spindelteilen vorbougt. se, das der Aufnahme von Axiallasten
in einer Richtung von der AuBenhulse dient.              Revendlcations 2.
Ein Bohrgestangeteil nach Anspruch 1, wobsi  10  1. Un element de train de
forage (1) congu pour das Bohrgestangeteil ein Unterteil zur EinfUh-
s'adapter A un train de forage; l'6lement du rung zwischen zwei
benachbarten Teilen eines       train de forage comprenant un mandrin (2)
Bohrgestinges ist.                                 alese de bout en bout et
presentant a ses deux extr6mites des flletages (5, 6) pour so 3. Ein
BohrgestAngeteil nach Anspruch 1 oder 2,  i5    raccorder aux 6l6ments
adjacents du train de wobei die irmeren und auBeren HOlseoi zwi-
forage et equip6 entre ces extremites d'un schen zwei sich auf der Spindel
gegenUbbrste-      manchon externe (11) capable d'un mouve- henden Flaclien
(17, 18) gehalten sind, so daB      ment rotatif, mont6 sur le mandrin et
ayant un _.>    die HUlsen selbst nach umfangreicher Abnut-
diambtre sup~rieur & toutes les autres parties zung der Bai~teilelemente
waiter gehalten wer-  20  de I'element du train de forage; un premier den.
palier de poussee (25) so trouve sur la promie- re extrdmit4 du manchon
exteme; co premier 4. Ein Bohrgesitngeteil nach einem der o.g. An-
palier de poussee s'applique au mandrin et si sprUche, wobei Dichtungen
(24A, 24B) an den        l'6lrment du train de forage touchait la paroi
gogenlberliegenden Enden der Au~enhUlse  25         du puits pendant les
operation de forage, le zurn abdichtenden Eingriff der InnenhUlse vor-
manchon ext6rieur porterait sur la paroi du gesehen sind, um dem Eindringen
von Fremd-          puits et par sa capacite de rotation protegerait
kdrpern in den Lagerbereich vorzubougen.            le rests de l'6ldment
de train de forage de toute friction avec la parol du puits; une autre 5.
Ein Bohrgestangeteil nach einem der o.g. An-  3o    caracteristique du
mandrin est d'Otre equipe sprOche, wobei die Spindel als zweiteilige
d'un manchon interne (9) fix4 au mandrin pour Komponente (3, 4) gebildet
ist, die Uber Ge-       former une surface de roulement permettant winde im
HUlsenbereich miteinander im Ver-         au manchon externe de tourner sur
le man- bund sind, wobei die Spindelteile voneinander      chon interne; le
manchon interne a une bride abgeschraubt werden konnen, um ein Entfer-  35
(10) tourmee radialement vers l'ext6rieur a nen der HUlsen und StUtzlager
fir Wartungs-         l'uns de ses extrdmites; la bride constituant un
zwecke zu ermnoglichen.                            deuxibme palier de
poussde pour la deuxibme extremit6 du manchon externe pour recevoir la 6.
Ein Bohrgesisngeteil nach Anspruch 5, jvobei        poussee axiale dans une
direction depuis le die InnenhUlsoe an einem Spindelteil befestigt  40
manchon externe. ist. 2. Un 4l6ment de train de forage selon la sollici- 7.
Ein Bohrgestbngeteile nach Anspruch 6, Wobei        tation 1, dans lequel
I'element du train de das zweite Drucklager auf dem Spindelteil vor-
forage est une structure & insertion entre les gesehen ist, der die
InnenhUlse nicht trIgt.  45   deux parties adjacentes du train de forage.
8. Ein Bohrgestingeteil nach Anspruch 7, wobei     3. Un 6lement de train
de forage selon la sollici- Drucklagerflichen durch Dichtkorpergruppen
tation 1 ou la sollicitation 2, dans lequel les (22) auf der jAuBenhUlso
vorgesehen sind, die      manchons interne et externe sont retenus entre
sich an den .gegeniberliegenden Extremititen   50   les deux faces
directement opposees (17, 18) 



der Aul3enhilse befinden.                          du mandrin de telle
sorte quo les manchons sont maintenus m8me aprbs une usure intensi- 9. Ein
Bohrgestingeteil nach Anspruch 8, wobei         ve des diff6rentes parties
de l'element. zur Absicherung der Auienhflse wahrend der Montage des
Bohrgestingeteils auf der Innen-  55  4. Un 4lment de train de forage selon
lune ou hlse ein entfsrnbarer Sicherungsring (16) auf     I'autre des
sollicitations prec6dentes, dans le- der InnenhUilse vorgesehen ist.
quol des joints (24A, 24B) sont disposes aux deux extr6mit6s du manchon
externe pour 5    9                  EP 0 479 927 B1                     10
111111111111111111111111 *   C  L M S * mainte'nir etanche le manchon
inteme et eviter ainsi lintrusion de contaminants dans les pa- hlers. 5. Un
6l6ment de. train de forage selon l'une ou    5 I'autre des solicitations
precedentes, dans le- quel le mandrin est constitue de deux parties (3, 4)
filet6es qui se vissent dans la zone protegee par le manchon permettant
ainsi de devisser les parties du mandrin pour d6poser   10 les manchons ou
tout palier d'appui A des fins de maintenance. 6. Un 6l6ment de train de
forage selon la sollici- tation 5, dans Jequel le manchon inteme est  15
fix6 a l'une desiparties du mandrin. 7. Un 6lement de train de forage selon
la sollici- =    tation 6, dans lequel le second palier de pous- s6e est
sur la partie du mandrin qui ne porte  20 pas le manchorl interne. &  Un
el6ment de~train de forage selon la sollici- tation 7, dans loquel les
surfaces du paller de poussee sont sur le manchon exteme avec des   25
joints d'dtanch~it6 (22) situes aux deux extr6- mit6s du manchon externe.
9. Un 6l6ment de train de forage selon la sollici- tation 8, dans lequel
une bague de retenue   30 demontable (16) est mont6e sur le manchon interne
pour maintenir le manchon externe sur le manchon interne au cours de
l'assemblage de I'6l6ment du train de forage. 35 10. Un el6ment de train de
forage selon la sollici- tation 9 dans lequel un joint (15) est dispos6
entre le manchon interne et le palier de pous- s6e monte sur la partie du
mandrin qui .ne porte par le manchon interne et evite ainsi  40 l'intrusion
de contaminants dans les joints file- t6s entre les diffrentes parties du
mandrin. 45 50 55 6    


