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(54) LOBED ROTOR WITH CIRCULAR SECTION FOR FLUID-DRIVING APPARATUS

(57) A fluid displacement apparatus includes a stator
section with a rotor therein. The stator section includes
a cylindrical casing, a helically-convoluted chamber sec-
tion within the cylindrical casing, and a rigid sleeve within
the cylindrical casing and separate from the helically-con-
voluted chamber section. The rigid sleeve includes a cir-
cular internal bore. The rotor is rotatably disposed within
the cylindrical casing. The rotor includes a helically-lobed

section disposed within the helically-convoluted chamber
section, and a circular cylinder section disposed within
the rigid sleeve. The circular cylinder section provides a
fluid passageway between the rigid sleeve and the cir-
cular cylinder section. Side loads from the rotor are dis-
tributed along a contact line at any point of rotation of the
circular cylinder section within the rigid sleeve.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to motors, and
more particularly, to hydraulic motors and gear pumps.
[0002] Today’s downhole drilling motors usually are of
the convoluted helical gear expansible chamber con-
struction because of their high power performance and
relatively thin profile. In these motors, drilling fluid is
pumped through the motor to operate the motor and is
used to wash the chips away from the drilling area. These
motors can provide direct drive for a drill bit and can be
used in directional drilling or deep drilling. In the typical
design, the working portion of the motor includes an outer
housing having an internal multi-lobed stator mounted
therein and a multi-lobed rotor disposed within the stator.
Generally, the rotor has one less lobe than the stator to
facilitate pumping rotation. The rotor and stator both have
helical lobes and their lobes engage to form sealing sur-
faces which are acted on by the drilling fluid to drive the
rotor within the stator. In the case of a helical gear pump,
the rotor is turned by an external power source to facilitate
pumping of the fluid. In other words, a downhole drilling
motor uses pumped fluid to rotate the rotor, while the
helical gear pump turns the rotor to pump fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

Fig. 1 is a partial, longitudinal cut-way view of an
exemplary stator and rotor, according to an imple-
mentation described herein;
Fig. 2 is a transverse cross sectional view of the sta-
tor along line A-A of Fig. 1 showing an elastically
deformable liner within a stator casing and housing
a helical portion of the rotor therein;
Fig. 3 is a transverse cross sectional view of the sta-
tor along line B-B of Fig. 1 showing an elastically
deformable liner within a stator casing and housing
a circular cylinder portion of the rotor therein;
Fig. 4 is a schematic perspective diagram illustrating
a portion of the rotor of Fig. 1, according to an im-
plementation described herein;
Fig. 5 is a partial, longitudinal cross-sectional view
of an exemplary stator and a circular cylinder portion
of the rotor that is machined as an integral piece with
a helically-lobed section, according to an implemen-
tation described herein;
Fig. 6A is a partial, longitudinal cross-sectional view
of an exemplary stator and retrofit circular cylinder
portion of the rotor, according to an implementation
described herein;
Fig. 6B is a transverse cross sectional view of the
rotor along line C-C of Fig. 6A;
Fig. 7 is a perspective assembly view of a retrofit
circular cylinder portion of the rotor, according to an

implementation described herein;
Fig. 8 is a partial, longitudinal cut-way view of an
exemplary stator and rotor, according to another im-
plementation described herein;
Fig. 9 is a partial assembly view of the exemplary
stator and rotor of Fig. 8;
Fig. 10 is a flow diagram of a process for adding a
circular cylinder section to a helical rotor, according
to an implementation described herein; and
Figs. 11A and 11B are partial, longitudinal cut-way
views of exemplary stator and rotor combinations,
according to other implementations described herein

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0004] The following detailed description refers to the
accompanying drawings. The same reference numbers
in different drawings may identify the same or similar el-
ements.
[0005] Applications of a stator and a rotor described
herein include a downhole drilling motor to be used in an
oil or gas well, or a utility bore hole. The downhole drilling
motor may be a hydraulic motor that uses drilling mud
flowing therethrough to create rotary motion that powers
a drill bit or other tool. Part of the stator section has at
least one sleeve. The sleeve is sized to allow the rotor
to rotate during operation, but also to support the rotor.
The rotor is uniquely configured to include a circular cyl-
inder section that contacts the sleeve. When a side load
is applied to the rotor, the circular section of the rotor
contacts the sleeve with a distributed force to reduce ro-
tational drift of the rotor and extend the stator life, in con-
trast with a lobed rotor section that would cause a point
load against the sleeve.
[0006] According to implementations described here-
in, a fluid displacement apparatus, such as a hydraulic
motor or pump may include a stator section with a rotor
therein. The stator section may include a cylindrical cas-
ing, a helically-convoluted chamber section within the cy-
lindrical casing, and a rigid sleeve within the cylindrical
casing and separate from the helically-convoluted cham-
ber section. The rigid sleeve may include a circular inter-
nal bore. The rotor may be rotatably disposed within the
cylindrical casing. The rotor may include a helically-lobed
section disposed within the helically-convoluted chamber
section and a circular cylinder section disposed within
the rigid sleeve. The circular cylinder section provides a
fluid passageway between the rigid sleeve and the cir-
cular cylinder section. Side loads from the rotor may be
distributed along a contact line at any point of rotation of
the circular cylinder section within the rigid sleeve.
[0007] In one implementation, the circular cylinder sec-
tion of the rotor may be machined as an integral piece
with the helically-lobed section. According to another im-
plementation, the circular cylinder section may be formed
over a rotor portion with helical lobes. For example, the
circular cylinder section may include a first sleeve half
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and a second sleeve half joined over the rotor portion.
The sleeve halves may be welded together around the
rotor portion. Additionally, or alternatively, the sleeve
halves may be welded to the rotor portion.
[0008] Fig. 1 depicts an exemplary embodiment of a
hydraulic motor or pump 10 that has its principal use as
a drilling motor for downhole oil well or slurry applications.
The motor or pump 10 is shown partially cut away show-
ing a drill bit or similar power device 12 attached to a
rotor 14 (at a distal or working end DE) extended through
a stator 16. Power device 12 may be attached to a base
portion 15 of rotor 14. Rotor 14 may include an elongated
helically lobed section 30 and at least one circular cylin-
der section 32. Stator 16 may also include a helically
lobed structure having, for example, at least one more
lobe than in helically lobed section 30, which creates gaps
18 between the rotor 14 and stator 16 along the longitu-
dinal length therebetween. These gaps 18 progressively
move along the length between the rotor 14 and stator
16 as rotor 14 rotates within stator 16, and progressively
move fluid in the gaps from one end of rotor 14 to the
other end with the rotation.
[0009] Stator 16 may include a tubular elastomer stator
section 22 housed within a cylindrical outer housing or
stator casing 26 and at least one sleeve 40 within the
casing 26 at a location proximate circular cylinder section
32. By way of example, Fig. 1 shows tubular elastomer
stator section 22 with a sleeve 40 adjacent one end of
section 22. In other implementations, sleeves 40 may be
used adjacent to each end of section 22. The stator 16
defines a helically convoluted chamber 20 (Fig. 2) about
a longitudinal portion of rotor 14 that corresponds to elas-
tomer stator section 22. Elastomer stator section 22 in-
cludes an elastically deformable liner 28 made of an elas-
tomeric material (e.g., rubber, plastic, etc.). In the con-
figuration of Fig. 1 deformable liner 28 fits tightly around
helically lobed section 30 over part of its length.
[0010] In another configuration, all or part of elastomer
stator section 22 may be replaced with one or more pro-
filed rigid sections that are shaped like the elastomer sta-
tor section 22, but have no rubber. For example, as
shown in Fig. 11A, a helical rigid section 100 may be
included between stator section 22 and sleeve 40. In one
implementation, helical rigid section 100 may be formed
from multiple disks 102 with apertures oriented to match
the lobed profile of stator section 22. A slight difference
in rotation between identical axially aligned disks 102
may form small steps between each disk along the length
of helically convoluted chamber 20. In another implemen-
tation, helical rigid section 100 may be formed from a
single rigid piece with the lobed helical profile therein.
Helical rigid section 100 preferably has a slightly larger
major diameter than that of rotor 14, such that helical
rigid section 100 does not fit as tightly around helically
lobed section 30 as elastomer stator section 22.
[0011] In still another configuration, all or part of elas-
tomer stator section 22 of Fig. 1 may be replaced with
one or more hybrid rigid/elastomer sections that are

shaped with a lobed profile like elastomer stator section
22. For example, as shown in Fig. 11B, a hybrid section
110 may replace stator section 22 of Fig. 1. Hybrid section
110 may include a rigid support section 112 lined on an
interior surface with an elastomeric layer 114. Rigid sup-
port section 112 may be made, for example, from disks
similar to disks 102 (Fig. 11A). Elastomeric layer 114
applied over steps between the disks in rigid support sec-
tion 112, as shown in Fig. 11B, may provide a smooth
surface along helically convoluted chamber 20. In still
other configurations, additional stator sections and com-
binations of stator sections (e.g., rigid, elastomeric, or
combinations thereof) may be included within stator cas-
ing 26 along with one or more sleeve 40. For example,
two or more of elastomer stator section 22 (Fig. 1), helical
rigid section 100 (Fig. 11A), and hybrid section 110 (Fig.
11B) may be aligned in different combinations to form
continuous helically convoluted chamber 20 with a sleeve
40 at one or both ends.
[0012] Fig. 2 depicts the stator 16 in traverse cross
section, showing the elastically deformable liner 28 de-
fining helically convoluted chamber 20 within the stator
casing 26 and housing helically lobed section 30 of rotor
14 therein. While not being limited to a particular theory,
liner 28 is shown in Fig. 1 as extended between the cham-
ber 20 and the stator casing 26. As can be seen in Fig.
1, the elastically deformable liner 28 is bonded to the
stator casing 26. A circumference about the radial exten-
sion of the lobes in helically lobed section 30 may define
the major diameter of helically lobed section 30.
[0013] Fig. 3 depicts rigid sleeve 40 in traverse cross
section, showing a fluid passageway 42 within stator cas-
ing 26 and housing circular cylinder section 32 of rotor
14 therein. In one implementation, sleeve 40 is formed
of a metallic material. In other implementations, sleeve
40 may include another rigid material, such as a plastic
material or a composite material. Sleeve 40 may be se-
cured to the inside surface of stator casing 26 by, for
example, welding, fusing, soldering, brazing, sintering,
diffusion bonding, mechanical fastening, or an adhesive
bond. As shown, for example, in Fig. 1, circular cylinder
section 32 is located substantially within sleeve 40. More
particularly, when rotor 14 is installed in stator casing 26,
circular cylinder section 32 does not extend from within
sleeve 40 longitudinally beyond an end 41 of sleeve 40
that is adjacent stator section 22. However, when rotor
14 is installed in stator casing 26, circular cylinder section
32 may extend from within sleeve 40 longitudinally be-
yond the end of sleeve 40 that is opposite end 41.
[0014] Fig. 4 shows a perspective view of rotor 14 in-
cluding a portion of helically lobed section 30 and a retrofit
circular cylinder section 32. In one implementation, rotor
14 may include a transition section 31 between helically
lobed section 30 and circular cylinder section 32. Tran-
sition section 31 may include a tapering or gradual
change longitudinally between helically lobed section 30
and circular cylinder section 32. According to an imple-
mentation, as shown in Fig. 1, transition section 31 may
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be positioned within sleeve 40, so as not to contact stator
section 22. As further shown in Fig. 4, in one implemen-
tation, circular cylinder section 32 may also include an
overlapping section 35 with base portion 15. As shown,
for example, in Fig. 1, overlapping section 35 may be
located outside sleeve 40. The diameter of overlapping
section 35 may be larger than, for example, the major
diameter of helically lobed section 30.
[0015] Sleeve 40 may provide added support of the
rotor 14 during operation. As shown in Figs. 1 and 3, the
inner diameter of sleeve 40 is larger than the outer diam-
eter of circular cylinder section 32. Sleeve 40 forms a
cylindrical chamber section or passageway 42 around
circular cylinder section 32. Sleeve 40 and circular cyl-
inder section 32 are sized so that during operation, rotor
14 orbit causes circular cylinder section 32 to contact the
inner surface of sleeve 40, thereby supporting rotor 14.
Sleeve 40 may have an axis 44, and rotor 14 (including
circular cylinder section 32) may have an axis 45. Axis
44 and axis 45 may be essentially parallel when rotor 14
is installed in stator casing 26. As shown in Fig. 3, axis
45 may be offset from axis 44 such that axis 45 generally
orbits around axis 44 as rotor 14 rotates within stator
casing 26. The geometry of circular cylinder section 32
and sleeve 40 is such that circular cylinder section 32
contacts the inner surface of sleeve 40 along a line (i.e.,
a line parallel to an axis 44 of sleeve 40) as circular cyl-
inder section 32 orbits within rigid sleeve 40. Thus, side
loads from rotor 14 are distributed along a contact line
at any point of rotation of circular cylinder section 32 with-
in sleeve 40, rather than at a particular point, which could
cause undesirable wear and shorten the life of rotor 14.
More specifically, use of circular cylinder section 32 with-
in rigid sleeve 40 prevents the highly concentrated forces
of a point contact from the contour of a helical lobe (e.g.,
such as in helically lobed section 30) against the inner
surface of sleeve 40.
[0016] Circular cylinder section 32 may be applied to
rotor 14 as new construction or as a retrofit for an existing
lobed rotor. Fig. 5 shows a cross-sectional view of rotor
14 with circular cylinder section 32 machined as an inte-
gral piece with helically lobed section 30. In other words,
helically lobed section 30 and circular cylinder section 32
may be a unitized element forming rotor 14. In the con-
figuration of Fig. 5, circular cylinder section 32 may be a
solid circular cylinder. In one implementation, a transition
region 31 may be included between helically lobed sec-
tion 30 and circular cylinder section 32.
[0017] Fig. 6A shows a cross section of a cylinder shell
60 that may be applied over a portion of an existing lobed
rotor profile to form circular cylinder section 32. Fig. 6B
shows a transverse cross-sectional view of rotor 14 along
line C-C of Fig. 6A. Fig. 7 shows a perspective view of a
retrofit assembly to form circular cylinder section 32. Re-
ferring collectively to Figs. 6A, 6B, and 7, cylinder shell
60 may be a two-piece component (e.g., halves 60A and
60B) selected for a desired diameter (e.g., to match the
major diameter of the existing profile for helically lobed

section 30).
[0018] A portion of rotor 14 may be machined down to
accommodate a thickness of cylinder shell 60, such that
when halves 60A and 60B are applied over rotor 14, the
outer diameter 33 of cylinder shell 60 may be substan-
tially equal to major diameter of helically lobed section
30. Halves 60A and 60B may be joined together around
rotor 14 using welding or another joining technique. In
some implementations, one or both of halves 60A and
60B may be attached to rotor 14 using, for example, ad-
hesives, spot welds, or another technique.
[0019] Halves 60A and 60B may include the same ma-
terial or a different material than the material of rotor 14.
In some implementations, if the material of halves 60A
and 60B is different than the material of the existing rotor
14, halves 60A and 60B may include a material suitable
for bonding to rotor 14 so that cylinder shell 60 may be
secured to rotor 14. In other implementations, halves 60A
and 60B may not be bonded to rotor 14, but may be me-
chanically constrained from rotating separately from rotor
14. For example, an interference fit may be used between
rotor 14 and cylinder shell 60 and/or helical protuberanc-
es along inner surfaces of halves 60A and 60B may be
used to prevent independent rotation of rotor 14 and cyl-
inder shell 60. In still other implementations, halves 60A
and 60B may be secured to each other, but not attached
to rotor 14, such that cylinder shell 60 may rotate inde-
pendently from rotor 14.
[0020] Fig. 8 shows a motor or pump 10 similar to Fig.
1, but with a two rigid sleeves 40A and 40B installed at
opposite ends (distal end, DE and proximal end, PE) of
stator casing 26 with stator section 22 in between. In the
configuration of Fig. 8, rotor 14 may include circular cyl-
inder section 32 configured to align with sleeve 40A and
a circular cylinder section 82 configured to align with
sleeve 40B. Circular cylinder section 82 may include the
same circular cross-section and outside diameter de-
scribed above for circular cylinder section 32. However,
in one implementation, circular cylinder section 82 may
be affixed as a separate piece at the end of rotor 14.
[0021] Fig. 9 shows a partially assembly view of circu-
lar cylinder section 82 in Fig. 8. In the configuration of
Figs. 8 and 9, rotor 14 (including circular cylinder section
32) may be inserted from distal end DE through sleeve
40A and stator section 22. Circular cylinder section 82
may then be inserted through proximal end PE and cou-
pled to rotor 14 after helically lobed section 30 is inserted
past stator section 22. Rotor 14 may be cut and/or ma-
chined to a required length as either new construction or
a retrofit procedure. Particularly, when rotor 14 is inserted
from the distal end into stator casing 26, helically lobed
section 30 may be sized to extend past stator section 22
and slightly into sleeve 40B, as shown in Fig. 9. The ex-
posed end of helically lobed section 30 may include a
threaded cavity 86 to enable coupling of circular cylinder
section 82. Circular cylinder section 82 may include, for
example, a threaded stem 84 which may be inserted into
threaded cavity 86 to secure circular cylinder section 82
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to rotor 14. In one implementation, additional pins or lock-
ing mechanisms may be used to prevent decoupling of
circular cylinder section 82 from rotor 14 when motor or
pump 10 is in operation.
[0022] Fig. 10 is a flow diagram of a process for adding
a circular cylinder section to a helical rotor for a hydraulic
motor or pump 10, according to an implementation de-
scribed herein. Process 1000 may include obtaining a
lobed rotor for modification (block 1010). For example, a
rotor with an elongated helically lobed section 30 for use
in motor or pump 10 may be selected for modification.
[0023] Process 1000 may include selecting circular
profile modification sections matching a major diameter
of the lobed rotor profile (block 1020). For example, for
the selected rotor 14, a technician may identify a major
diameter of rotor 14. As shown for example in Fig. 6B,
cylinder shell 60, including halves 60A and 60B, may be
selected to form circular cylinder section 32 with an outer
diameter 33 being the same as the major diameter of
helically lobed section 30.
[0024] Process 1000 may further include performing
profile diameter reduction to a portion of the rotor (block
1030). For example, as shown in Figs. 6A and 6B, tips
of the helical lobes of rotor 14 corresponding to circular
cylinder section 32 may be ground down or otherwise
removed to reduce the major diameter of the helical
lobes. The reduced major diameter of rotor 14 may be
equal to or slightly less than the inner diameter 62 (Fig.
6B) of cylinder shell 60 (e.g., to provide clearance for
securing cylinder shell 60 over the portion of rotor 14).
[0025] Process 1000 may also include securing the
profile modification sections to the reduced-diameter ro-
tor (block 1040). For example, halves 60A and 60B may
be applied over the reduced-diameter portion of rotor 14
(i.e., corresponding to circular cylinder section 32). The
halves 60A and 60B may be welded together around the
reduced-diameter portion of rotor 14 to form circular cyl-
inder section 32. Additionally, or alternatively, halves 60A
and 60B may be welded or bonded to rotor 14.
[0026] Process 1000 may further include inserting the
modified rotor into a stator and aligning the profile mod-
ification sections with a cylindrical sleeve (block 1050).
For example, as shown in Fig. 6A, rotor 14 with circular
cylinder section 32 may be inserted into stator 16. Circu-
lar cylinder section 32 may be positioned within sleeve
40.
[0027] Implementations described herein provide a flu-
id displacement apparatus with a stator section with a
rotor therein. The stator section includes a rigid sleeve.
The rotor is uniquely configured to include a circular cyl-
inder section that contacts the sleeve. When a side load
is applied to the rotor, the circular cylinder section of the
rotor contacts the sleeve with a distributed force to reduce
rotational drift of the rotor and extend the stator life. The
circular cylinder section may be provided with a new con-
struction rotor or as a retrofit over a portion of a helically
lobed rotor.
[0028] As a retrofit, a cylinder shell with the same major

diameter of the rotor is selected. Tips of the lobes of a
portion of the rotor may be machined down to forms a
reduced-diameter section of the rotor that is nominally
smaller than an inner diameter of the cylinder shell. The
cylinder shell may be secured to the reduced-diameter
section of the helically-lobed rotor to form a circular cyl-
inder section that will contact the sleeve when the rotor
is installed in the stator section.
[0029] The foregoing description of exemplary imple-
mentations provides illustration and description, but is
not intended to be exhaustive or to limit the embodiments
described herein to the precise form disclosed. Modifi-
cations and variations are possible in light of the above
teachings or may be acquired from practice of the em-
bodiments.
[0030] Although the invention has been described in
detail above, it is expressly understood that it will be ap-
parent to persons skilled in the relevant art that the in-
vention may be modified without departing from the spirit
of the invention. Various changes of form, design, or ar-
rangement may be made to the invention without depart-
ing from the spirit and scope of the invention. Therefore,
the above-mentioned description is to be considered ex-
emplary, rather than limiting, and the true scope of the
invention is that defined in the following claims.
[0031] No element, act, or instruction used in the de-
scription of the present application should be construed
as critical or essential to the invention unless explicitly
described as such. Also, as used herein, the article "a"
is intended to include one or more items. Further, the
phrase "based on" is intended to mean "based, at least
in part, on" unless explicitly stated otherwise.

Claims

1. A fluid displacement apparatus, comprising:

a stator section including a cylindrical casing, a
helically-convoluted chamber section within the
cylindrical casing, and a rigid sleeve within the
cylindrical casing and separate from the helical-
ly-convoluted chamber section, the rigid sleeve
including a circular internal bore; and
a rotor rotatably disposed within the cylindrical
casing, the rotor including:

a helically-lobed section disposed within the
helically-convoluted chamber section, and
a circular cylinder section disposed within
the rigid sleeve, the circular cylinder section
providing a fluid passageway between the
rigid sleeve and the circular cylinder sec-
tion.

2. The fluid displacement apparatus of claim 1, wherein
an outer surface of the circular cylinder section con-
tacts an inside surface of the rigid sleeve along a
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longitudinal line of the rigid sleeve when the rotor
rotates within the cylindrical casing.

3. The fluid displacement apparatus of claim 1 or 2,
wherein the circular cylinder section is machined as
an integral piece with the helically-lobed section.

4. The fluid displacement apparatus of claim 1 or 2,
wherein the circular cylinder section includes a first
sleeve half and a second sleeve half joined over a
portion of the rotor.

5. The fluid displacement apparatus of claim 4, wherein
the first sleeve half and the second sleeve half are
welded together around the portion of the rotor.

6. The fluid displacement apparatus of claim 4 or 5,
wherein the first sleeve half and the second sleeve
half include a different material than the helically-
lobed section.

7. The fluid displacement apparatus of any of the pre-
ceding claims 1-6, wherein an axis of the circular
cylinder section is not concentric with an axis of the
circular internal bore.

8. The fluid displacement apparatus of any of the pre-
ceding claims 1-7, wherein the rigid sleeve is adja-
cent the helically-convoluted chamber section.

9. The fluid displacement apparatus of any of the pre-
ceding claims 1-8, wherein the helically-convoluted
chamber section includes one or more of an elastic
material and a rigid material.

10. The fluid displacement apparatus of any of the pre-
ceding claims 1-9, wherein the helically-convoluted
chamber section includes rigid disks with apertures
lined, on an interior surface, with an elastomeric layer
to form the helically-convoluted chamber.

11. The fluid displacement apparatus of any of the pre-
ceding claims 1-10, wherein the stator section further
includes another rigid sleeve within the stator sec-
tion, the other rigid sleeve including another circular
internal bore, and
wherein the rotor further includes another a circular
cylinder section within the other rigid sleeve, the oth-
er circular cylinder section providing another fluid
passageway between the other rigid sleeve and the
other circular cylinder section.

12. A method for forming a circular cylinder section over
a helically lobed section of a rotor, the method com-
prising:

obtaining a helically-lobed rotor for modification;
selecting a cylinder shell corresponding to a ma-

jor diameter of the helically-lobed rotor;
reducing the major diameter of a portion of the
helically-lobed rotor, wherein the reducing forms
a reduced-diameter section that is nominally
smaller than an inner diameter of the cylinder
shell; and
securing the cylinder shell around the reduced-
diameter section of the helically-lobed rotor.

13. The method of claim 12, wherein the cylinder shell
comprises two halves that are joined to form the cyl-
inder shell.

14. The method of claim 13, wherein the securing in-
cludes:

welding the two halves together around the re-
duced-diameter section of the helically-lobed ro-
tor.

15. The method of any of the preceding claims 12-14,
wherein the securing permits rotation of the cylinder
shell around the reduced-diameter section of the hel-
ically-lobed rotor.
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