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(57) Abstract: An underreamer (5) is formed from a tubular body (10) having a longitudi-
Io nal bore therethrough, and providing an integral piston actuator (20) responsive to hydraulic
pressure to move cutters (40) into engagement with the well bore and springs (60) to resist
premature engagement of the cutter arms (40) and to return the cutters (40) to the body upon
conclusion of the underreaming job. Skewed longitudinal grooves (45) are formed in the tubu-
lar body thereby permitting the flowpath through the underreamer to provide substantially the
same inner diameter throughout the tool (5).
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UNDERREAMER AND METHOD OF USE

The present invention relates to a device for underreaming a formation and
specifically to an improved form of underreamer that permits fluid communication
through the bore and which is adaptable for use with downhole motors for directional
drilling and the like.

An underreamer is a device used to enlarge the well bore below the casing.
Currently used underreamers are long assemblies having blades or cutters which
are moved into the well bore by mechanical means to enlarge the hole. The
mechanisms for moving the cutter faces into the well bore have significantly
impinged on interior space of the body and consequently restricted the fluid passage
from the upper end of the underreamer to the lower end. Currently used
underreamers have been long and heavy making them impractical to use with
steerable downhole motors to simultaneously drill and underream.

An underreamer of the present invention is made up of a tubular upper body,
threadedly connectable to a drill string, said tubular upper body having a lower end
and an upper end each with a different internal diameter, wherein the inner diameter
of the lower end is larger than the inner diameter of the upper end. It has a tubular
lower body removably attached to the lower end of the tubular upper body, said
tubular lower body having at least three skewed, longitudinal grooves and an interior
surface defining a longitudinal bore therethrough and an annular lip within the tubular
lower body which permits a flowpath having substantially the same diameter through
the entire underreamer. It also provides a piston actuator having a longitudinal
annular bore, at least three extensions, each having a slot formed thereon, and
upper and lower portions, wherein said upper portion slideably and sealingly

engages the interior surface of the lower end and wherein the lower portion slideably
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and sealingly engages the interior surface of tubular lower body and has a lower
surface; at least three pins; at least three cutters, each having an ear formed
thereon, wherein each of the cutters is pivotally attached within a corresponding one
of said at least three skewed, longitudinal grooves using one of the at least three
pins and wherein said ear engages the slot of a corresponding one of said at least
three extensions; and at least one resilient member positioned between the lower
surface of piston actuator and the annular lip of the tubular lower body, said at least
one resilient member resisting downward longitudinal movement of the piston
actuator assembly. The longitudinal movement of the piston actuator moves the
arms into and out of engagement with the well bore and does not rely upon pins and
linkages commonly found in prior art underreamers.

The present invention offsets the support mechanism of the cutter surfaces of
the underreamer from the central longitudinal axis of the tool so that an unobstructed
passageway through the tubular body may be provided. It is an object of the present
invention to provide a shortened underreamer for use in all forms of drilling
operations, including directional drilling operations and drilling programs using
steerable downhole drilling motors to permit directional underreaming of formations.
The present invention allows drilling and underreaming to occur in one continuous
operation and saves the operator the time and expense of drilling a pilot hole then
tripping into and out of the hole or reentering the well to underream the pilot hole.
The shortened body length of the present invention also allows steerable
underreaming while drilling in an economical package. The present invention also
avoids the necessity of costly bicentered bit technologies and the inherent
weaknesses of conventional underreamers. The present invention permits the

simultaneous use of small and therefore cheaper bit technologies with the
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underreamer and also permits directional control of the underreamer and bit
combination.

Most generally, the present invention consists of an apparatus formed from a
tubular body having threaded connections at each end, an interior surface forming a
longitudinal bore through said tubular body and an annular lip within said tubular
body, and a plurality of skewed, longitudinal grooves formed in said body; a piston
actuator having a lower surface, a plurality of slotted extensions and a longitudinal
flow path through said piston actuator, wherein said piston actuator slideably and
sealingly engages the interior surface; a plurality of arms, each of said arms having a
pivot and an ear, wherein each of said plurality of arms is pivotally mounted in a
corresponding one of said plurality of skewed, longitudinal grooves and wherein said
ear is adjacent to said pivot and engages a corresponding one of said plurality of
slotted extensions; and a plurality of resilient members, wherein each of said plurality
of resilient members has a first end and a second end, is located adjacent to a
corresponding one of said plurality of slotted extensions, the first end engages the

lower surface of the piston actuator, and the second end engages the annular lip.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a half-sectional view of the underreamer in its closed position.
Fig. 2 is a half-sectional view of the underreamer in its open position.
Fig. 3 is a cross-sectional end view of the underreamer in its open position.
Fig. 4 is a perspective view of the upper sub of the underreamer.
Fig. 5 is a perspective view of the piston actuator with the spring and spring extender
inserted.
Fig. 6 is a perspective view of the piston actuator with the slots for engaging the ear

of the cutter blades.
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Fig. 7 is a perspective view of the top interior view of the underreamer tubular body
showing the offset, skewed position of the cutter blade slots.
Fig. 8 is a perspective view of the underreamer body showing a cutter extended.
Fig. 9 is a perspective view of the cutter blade before assembly with the carbide
buttons and showing the pin used to pivotally connect the blade to the underreamer
body.
Fig. 10 is a perspective view of the lower end of the piston actuator.
Fig. 11 is a sectional side view of the underreamer adapted for use as a downhole
stabilizer.
Fig. 12 is a schematic illustration of the use of the underreamer invention shown
being run between a downhole motor and a pilot tricone bit.
DETAILED DESCRIPTION

Fig. 1 is a half-section view of the underreamer 5 of the present invention
showing the cutter blades 40 in the closed position as the underreamer is being
tripped into or out of the well bore. The underreamer is provided with threads at 10’
and 70’ in a manner well known in the art for attachment within a drill string. Threads
10’ may be used to attach the underrreamer 5 to a downhole motor, a drill collar
assembly, or a standard drill pipe assembly in a manner well known to those in
drilling industry. Threads 70" may be used to connect the underreamer 5 to drill bits
(including specializaed drill bits such as a polycrystalline diamond (PDC) bit) or to
drill collars or they may be connected to a bull nose to underream a pilot hole
previously drilled. The underreamer 5 is formed with an upper sub 10 providing an
annular passageway therethrough and terminating with an enlarged inner diameter
11. The upper sub 10 is threadably connected to the underreamer lower body 70 by
threads 10” in a manner well known to those skilled in the manufacture of downhole
tools. A perspective view of the upper sub 10 is shown in Fig. 4. The enlarged lower
interior diameter 11 of the upper sub 10 provides a slick bore which provides for
slideable engagement of an integral piston actuator 20, which extends into

underreamer lower body 70. The assembly 20 provides grooves for dynamic seals
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21 and 22 to permit hydraulic pressure to be maintained through the underreamer to
the drill bit, for example, as the piston actuator 20 moves in the slick bore of body 70.
Piston actuator 20 is a cooperative assembly which is moved in response to
increased mud pump pressure down the annulus of the underreamer tubular body 5.
A resilient member comprising a spring extender 60’ and spring 60, which are
engaged between the body 70 and the lower surface of the piston actuator 20, resist
downward movement of the piston actuator 20.

The underreamer 5 is actuated by differential pressure against the upper
surface of piston actuator 20 that moves the piston down against the resilient
member extender 60’ and resilient member 60 which seat against the annular lip or
shoulder 71 on the interior surface of the underreamer tubular body 70. Fig. 5is a
perspective view of the piston actuator 20 with the resilient member 60 and resilient
member extender 60’ shown. The lower end of piston actuator 20 provides
extensions having slots 51 machined therein. The piston actuator lower surface also
provides a profiled surface 31 designed to mate and lock with the cooperating
surface 41 on the cutter 40. Fig. 6 provides a perspective view of the portion of the
piston actuator 20 with the slots 51 and surface 31 as described. The extensions or
arms of piston actuator 20 are disposed in the skewed cutter grooves provided by
the underreamer body 70. Fig. 7 shows a top view of the underreamer body 70 with
the skewed exterior grooves that accept the extensions of piston actuator 20 at
oblique angles to the central axis of the underreamer body, thereby permitting an
unrestricted fluid passageway through the annulus of the tool. Fig. 7 also shows the
holes 42’ drilled in the underreamer body 70 to accept the pins 42 that rotatably
support the cutters 40.

As is shown in Fig. 1, cutter 40 provides at its upper end an ear 50 that fits
within the slot 51 of the piston actuator 20. The cutter 40 is connected to the
underreamer body 70 by pin 42 that pivots the cutter 40 when the piston actuator 20
is moved longitudinally against the ear 50. This obviates the need for multiple pin

and linkage connections found in many prior art underreamer devices. Fig. 9 is a
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perspective view which shows the cutter 40 and the ear 50 and specific profile of the
cutter 41 which mates with the profile 31 of the piston actuator 20 as shown in Fig. 1.
As the piston actuator 20 moves longitudinally in response to hydraulic pressure
acting against the piston face 11’, the cutter 40 is moved from its closed position (as
shown in Fig. 1) into engagement with the well bore (shown in Fig. 2, and in Fig. 3 as
WB) for underreaming or stabilizing. The lower surface 31 of the piston actuator 20
mates with the upper surface 41 of the cutter to lock said cutter 40 in its extended
position for underreaming. As may be more fully appreciated from Figs. 1 and 2, port
and jetting arrangement 80 provide fluid communication from the interior of the
underreamer body 70 to the area adjacent the cutting surface to carry cuttings away
from the cutters 40 and to prevent balling up of material in loose or unconsolidated
formations. The manner of making and installing said ports and jets are well known
in the industry and are only schematically shown in the drawings.

As may be more fully appreciated in Fig. 2 once differential pressure across
upper piston surface 11’ has overcome the resistance of the resilient member 60, to
move piston actuator 20 into engagement with cutter ear 50 and thus cooperatively
moved the cutter 40 out into engagement with the wellbore WB (see Fig. 3),
underreaming or stabilization may be commenced. Fig. 8 is a perspective view that
shows the cutter 40 (without carbide buttons or other cutting surfacing) in its
extended position. The pivoting action of the longitudinal movement of the piston
actuator 20 which engages the ear 50 on the cutter 40 which pivots about the pin 42
shown in the views from Fig.1 and Fig. 2. The underreamer lower body 70 is also
provided with ports and jets 80 for directing fluid into the annulus of the well bore to
carry cuttings (not shown) from the well bore up. Resilient member 60 and resilient
member extender 60’ return the piston actuator 20 to the closed position when
differential pressure is removed thereby closing the arms so the underreamer can be
moved into and out of position for its intended use. Cutters 40 as shown in Fig. 2 are
preferably provided with tungsten carbide inserts 90 in the manner more fully

disclosed in applicant’s prior patent, United States Patent No. 5,035,293, which is
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incorporated herein by reference. Other forms of cutters, cutting elements and
hardfacing may be substituted in manner well known to the drilling industry without
departing from the scope of this invention, such as without limitation, polycrystalline
diamond cutters, thermostable diamond composites, and sintered coatings of all
kinds.

Fig. 3 is a cross-sectional view of the extended cutters 40 showing
schematically the engagement of the cutters 40 with the well bore WB. As previously
noted, the cutters 40 are rotatably pinned to underreamer body 70 by pins 42. Pins
42 are held in the underreamer body 70 by cap head screws 43 that are mounted in
a groove or slot machined and counterbored in the underreamer body 70 to provide
an engagement surface. Each pin 42 is countersunk and tapped (not shown) to
permit the easy removal of the pins 42. The skewed orientation of the pivot pins 42 in
the underreamer body 70 allows an unrestricted flow path through the inner passage
of the underreamer 5 and permits the maintenance of adequate working pressure
below the underreamer such as at the drill bit (not shown). The orientation of the
cutters 40 within the body 70 also permit the cutters 40 to engage‘ the surface of the
well bore WB at an oblique angle, thus permitting more precise cutting and
evacuation of the cuttings from the well bore. This centering action of the cutters 40
provides clean and straight underreamed sections.

Prior art underreamers were not sufficiently sturdy to act as stabilizers to
maintain downhole assembilies in the central portion of the well bore. The present
invention has sufficient strength and stability to act as a stabilizer. Fig. 11 shows the
present invention with hardfacing 45’ on the outer surface of the blade 45 which is
mounted on the underreamer body 70 in the same manner and is functionally
activated in the same manner as the underreamer 5 described herein.

The underreamer 5 of the present invention is short and may be placed
immediately adjacent a drill bit, for example, a polycrystalline diamond (PDC) bit, for
example, for drilling directional or horizontal holes. The length of the underreamer

allows its use between a PDC bit and a downhole drilling motor. This permits the
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drilling and underreaming to occur in one trip into the hole without the need to drill a
pilot hole, then remove the drilling assembly before using the underreamer.

With the present invention, a downhole motor may be connected to the
underreamer and be effectively controlled because of the shortened length of the
underreamer. This relative shortness permits the operator to steer the drill bit and
underreamer to the desired location. By changing out the upper sub 10 of the
underreamer 5, a normal fishing neck may also be placed on the underreamer 5
allowing its using in normal or conventional underreaming programs. When used to
steerably drill a hole to a given deviation, the present invention is connected to the
drill string between a drill bit and a steerable downhole motor. Steering measurement
devices such as MWD, steering tools, and the like are run above the motor, with drill
collars and drill pipe to the surface in a manner well known to those skilled in the art.
The drilling assembly is lowered into the hole to the appropriate depth. Mud pumps
are engaged to pump fluid through the drill string. As the flow is increased, a
pressure drop occurs between the inside of the drill string and the outside of the drill
string. The pressure drop and flow cause the motor to rotate the underreamer 5 and
drill bit. As the flow continues to increase, the motor turns faster and the pressure
drop increases sufficiently to open the blades or cutters 40 on the underreamer 5.
The drill string is lowered thereby engaging the bit and underreamer blades or
cutters 40 with the formation to be cut and removed. The hole is steered in the
desired direction by changing the orientation of the drill string while monitoring the
steering devices to make sure the hole is guided on its pre-determined path.
Methods of steering and guidance are well known to those skilled in the art. Upon
reaching the target, the mud pumps are disengaged reducing flow to zero and
causing the pressure to drop to zero. When this occurs, the downhole motor stops
rotating and the resilient members 60 retract the underreamer cutters 40 to the
closed position. The assembly is then removed from the hole.

Fig. 12 is a schematic representation of the underreamer 5 described herein

with its cutters 40 extended and connected between the downhole motor 100 and a
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tricone bit 110 in a configuration that permit continuous drilling and underreaming.
As noted previously, because of the shortened length of the present underreamer 5
compared to similar devices, the tricone bit 110 in Fig. 12, could be replaced with a
PDC bit.

The present invention may also be used to simultaneously drill and underream
without a downhole motor. This method is used when a straight hole is desired
instead of a directional hole. The underreamer 5 is installed in the drill string above
the drill bit. The drill bit may be installed directly to the underreamer 5, or drill collars
may be installed between the bit and the underreamer 5. The drilling assembly is
lowered into the hole to the desired depth. The drill string is then rotated by the
rotary table or top drive; again, as is well known in the industry. After rotation is
established, the mud pumps are engaged creating flow and pressure drop. As the
pressure drop increases, the blades or cutters 40 of the underreamer 5 open to
engage the formation. The drill string is lowered thereby engaging the formation to
be removed. Upon reaching the desired depth, the pumps are disengaged and
rotation is stopped. The blades retract as above and the drilling assembly is removed
from the hole.

Another use for the present invention is to underream a previously drilled hole
to a larger diameter. A drilling assembly is made up as previously described, except
that a bull nose or bit may be used below the underreamer 5 to cause the
underreamer 5 to follow the previously drilled hole. The operation would proceed as
previously described. The present invention may also be used to stabilize a hole
that is being drilled and underreamed simultaneously. When used in this fashion, the
present invention is fitted with stabilizer blades 45, with hardfacing 45, as shown in
Fig. 11 and is run above the underreamer 5 and drill bit. The preferred location for
the stabilizer/underreamer 5 (when used for a stabilizer) would be between 30 to 90
feet above the underreamer. The stabilizer/underreamer 5 (as shown in Fig. 11)
above the underreamer would help maintain a straighter hole when drilling and

underreaming simultaneously. Operation is the same as previously described in
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normal drilling operations. The blades 45 of the underreamer used as a stabilizer
engaged the well bore when a differential pressure is applied, thereby preventing
whipping and “walking off” of the drill string as the drilling proceeds. When the hole
reaches the desired depth, the pumps are disengaged and the blades retract
permitting removal of the drill string from the well bore.

The size, flexibility of makeup and strength of the present underreamer allow it
to be used in a number of drilling applications. Other uses of the present invention

may be readily appreciated from a review of the drawings and description contained

herein.
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CLAIMS
What is claimed is:
1. An apparatus comprising:
a tubular body having

threaded connections at each end,
an interior surface forming
a longitudinal bore through said tubular body and
an annular lip within said tubular body, and
a plurality of skewed, longitudinal grooves formed in said body;
a piston actuator having
a lower surface,
a plurality of slotted extensions and
a longitudinal flow path through said piston actuator assembly,
wherein said piston actuator slideably and sealingly engages the
interior surface;
a plurality of arms, each of said arms having
a pivot and
an ear,
wherein each of said plurality of arms is pivotally mounted in a
corresponding one of said plurality of skewed, longitudinal
grooves and
wherein said ear is adjacent to said pivot and engages a
corresponding one of said plurality of slotted extensions; and
a plurality of resilient members,
wherein each of said plurality of resilient members

has a first end and a second end,

-11 -
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is located adjacent to a corresponding one of said plurality of

slotted extensions,

the first end engages the lower surface of the piston actuator

assembly, and

the second end engages the annular lip.
2. The apparatus according to claim 1 wherein each of the pivotally mounted arms
has a distal end and cutting elements on said distal end whereby the apparatus may
be used for underreaming.
3. The apparatus according to claim 2 wherein cutting elements are tungsten
carbide buttons.
4. The apparatus according to claim 2 wherein the cutting elements are
polycrystalline diamond cutter inserts.
5. The apparatus according to claim 1 wherein each of the pivotally mounted arms
has a distal edge and hardfacing on said distal edge whereby the apparatus may be
used as an stabilizer.
6. The apparatus according to claim 1 wherein the profile of each said plurality of
slotted extensions lockingly mates with the ear of a corresponding one of plurality of
the pivotally mounted arms upon their movement out of the skewed grooves in said
tubular body.
7. The apparatus according to claim 1 wherein apparatus has an annular fluid
flowpath therethrough which is substantially the same diameter therethrough.
8. An underreamer comprising:

a tubular upper body, threadedly connectable to a drill string, said
tubular upper body having a lower end and an upper end each
with a different internal diameter, wherein the inner diameter of

the lower end is larger than the inner diameter of the upper end;

-12 -
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a tubular lower body removably attached to the lower end of the tubular
upper body, said tubular lower body having at least three
skewed, longitudinal grooves and an interior surface defining a
longitudinal bore therethrough and an annular lip within the
tubular lower body;
a piston actuator having
a longitudinal annular bore,
at least three extensions, each having a slot formed thereon,
and

upper and lower portions,

wherein said upper portion slideably and sealingly engages the
interior surface of the lower end and

wherein the lower portion slideably and sealingly engages the
interior surface of tubular lower body and has a lower
surface;

at least three pins;

at least three cutters, each having an ear formed thereon,

wherein each of the cutters is pivotally attached within a corresponding
one of said at least three skewed, longitudinal grooves using
one of the at least three pins and

wherein said ear engages the slot of a corresponding one of said at
least three extensions; and

at least one resilient member positioned between the lower surface of
piston actuator assembly and the annular lip of the tubular lower
body, said at least one resilient member resisting downward

longitudinal movement of the piston actuator assembly.

-13 -
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9. The underreamer according to claim 8 wherein each of the at least three cutters
is fitted with tungsten carbide buttons.
10. The underreamer according to claim 8 wherein each of the at least three cutters
are fitted with polycrystalline diamond cutter inserts.
11. The underreamer according to claim 8 wherein each of the at least three cutters
are fitted with thermostable diamond composites.
12. The underreamer according to claim 6 apparatus has an annular fluid flowpath
therethrough which is substantially the same diameter therethrough.
13. A method of underreaming and directional drilling comprising:

connecting the apparatus of claim 2 to a drill string between a directional
drilling motor and a drill bit;

inserting the drill string into a well bore formation and increasing the flow rate
through mud pumps to circulate fluid through the drill string and the apparatus to
overcome the resistance of the resilient member and engage the cutters against the
well bore; and,

upon completing the drilling and underreaming in the desired range; thereafter
lowering the flow rate of the mud pumps allowing the resilient member to expand to
its relaxed state length, thereby retracting the cutters into the grooves and
disengaging the underreamer and withdrawing the underreamer and directional
drilling motor from the well bore.
14. A method of stabilizing a drill string comprising:

connecting the apparatus of claim 3 to a drill string between a drill collar and a
drill bit;

inserting the drill string into a well bore formation and increasing the flow rate

through mud pumps to circulate fluid through the drill string and the apparatus to

-14 -
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overcome the resistance of the resilient member and engage the stabilizer against

the well bore; and,

upon completing the drilling; thereafter lowering the flow rate of the mud

pumps to disengage the stabilizer and withdrawing the stabilizer from the well bore.

-15-



WO 01/29364 PCT/US00/41431

2y

r L WP
~3
A\

1 / 12



PCT/US00/41431

WO 01/29364

10

o 41
-

\
/

T
/ \\\%&\w&\\\m\m\w

2/ 12



PCT/US00/41431

WO 01/29364

3/12



WO 01/29364

4 / 12

PCT/US00/41431

Ty

=og



PCT/US(06/41431

WO 61/29364

W
peatd

13“\‘

Sotsntnig,

oy

5/ 12



WO 01/29364 PCT/USH0/41431

Y
A e
;

6 / 12



BPCT/US00/41431

WO 61/29364

7/ 12



PCT/US00/41431

WO 01/29364

S
<)

w?”‘“
5

[,

8§ / 12



WO 01/29364 PCT/US00/41431

9 / 12



WO 01/29364 PCT/US00/41431




PCT/US00/41431

WO 01/29364

12

11 /



WO 01/29364 PCT/US00/41431

12 / 12



INTERNATIONAL SEARCH REPORT International application No.
PCT/US00/41431

A. CLASSIFICATION OF SUBJECT MATTER
[PC(7) :E21B 10/32, 7/04
US CL :175/61, 269; 166/55.8
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 175/61, 269; 166/55.8. 267

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2,756,968 A (EMANUEL et al) 31 July 1956 (31/07/56), see| 1-14
Figures 1-4.

A US 2,725,936 A (HESTER) 06 December 1955 (06/12/55), see| 1-14
Figures 1-5.

A US 3,220.478 A (KINZBACH) 30 November 1965 (30/11/65), see | 1-14
Figures 1-14.

A US 5,060,738 A (PITTARD et al) 29 October 1991 (29/10/91), see | 1-14
Figures 1-7.

A US 2,679,383 A (GARRISON) 25 May 1954 (25/05/54), see Figures | 1-14
1-9.

A US 5,332,048 A (UNDERWOQOD et al) 26 July 1994 (26/07/94), | 1-14
see Figures 1-6.

D Further documents are listed in the continuation of Box C. [:I See patent family annex.

"A" document defining the general state of the art which is not considered

1 the principle or theory underlying the nvention
to be of particular relevance

Special categornies of cited documents: "T" later document published after the international filing date or priorit
P 8 P B P y
date and not in conflict with the application but cited to understand

v . . . . "X document of particular relevance, the claimed invention cannot be
E earlier document published on or after the international filing date
considered novel or cannot be considered to ...volve an inventve step
"L document which may throw doubts on priority claim(s) or which is when the document 15 taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed izvention cannot be
considered to involve an imventive step when the document s
"o document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled i the art
“p* document published prior to the internauonal filing date but later than ~ wg» document member of the same patent family
the prionty date claimed
Date of the actual completion of the international search Date of mailing of the international search report
19 FEBRUARY 2001 2 6 MAR 2001
Name and mailing address of the ISA/US Authorized officer

Commissioner of Patents and Trademarks f./) : \ M
Box PCT N 0% P ;
Washington, D.C. 20231 HOANG DANG &7 J‘

Facsimile No.  (703) 305-3230 : Telephone No. (703) 308-2168

Form PCT/ISA/210 (second sheet) (Julv 1998)*



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

