
MULTI-FUWCTIOMAL TUBE MILLING HEAD CROSS REFERENCE
This application is a continuation-in-part of U.S.
Serial No. 10/894,831 filed July 20, 2004 entitled
"Multi-Functional Tube Milling Head." FIELD OF THE
INVENTION [0002] The present invention relates to a
milling head for a rotary tool, which is preferably
utilized to process, prepare, or otherwise impart a
desired finish to a workpiece, preferably an end
portion of a tube. In a preferred embodiment, the
milling head includes at least three different cutting
or milling surfaces each capable of performing a
distinct operation on a workpiece. In one embodiment,
the milling head includes a) a membrane milling and/or
outer diameter tube film removal element; b) a
beveling element capable of imparting a bevel to the
tube end; and c) an inner diameter tube film removal
element. The milling head milling surfaces are
adjustable in order to accommodate tubes of different
wall thicknesses and diameters. The milling head is
preferably attached to a rotary milling tool, i.e., a
drill. In yet a further embodiment, outer diameter
tube film removal elements or blades are provided
having a curved or rounded cutting or milling edge
which can be utilized especially in milling operations
having close quarters. In a further embodiment,
milling head outer diameter cutting blades are
provided which are adjustable. In a preferred
embodiment, the milling head outer diameter cutting
blades are provided with elongated, slotted bores.
Methods for performing operations on workpieces with
the milling head are disclosed. BACKGROUND OF THE
INVENTION [0003] Power generating or other plants
circulate fluids, such as water or steam, through
tubes or banks of tubes. The fluid is often heated and
used, for example, to drive turbines which generate
electricity.[0004] The tubes are generally arranged in
large panels or banks of parallel lubes 



which are often connected together with a metal
membrane or web continuously interposed between each
pair of adjacent tubes in the bank to form a tube
wall. The web or membrane connecting adjacent tubes to
each other generally has a thickness about equal to
the wall thickness of the tubes, with the width of the
webbing generally ranging from about 0.25 inch to
about 0.75 inch. The webs or membranes are generally
welded to the outer walls of adjacent tubes to form
the tube banks. In some cases a weld overlay
comprising a metal or alloy is present on portions of
trie tube bank in an effort to prevent corrosion or
deterioration. The weld overlay is present on both
sides of a tube bank in some embodiments. On account
of deterioration due to corrosion and the like, the
tubes occasionally require replacement. Ordinarily,
repair of damaged or worn tubing involves cutting and
removal of relatively large sections of the tube
banks, and replacement with a new panel of tubes. The
bank sections are generally replaced in large
rectangular sections typically having sizes ranging
from a few feet to 10, 20, 100 or even 200 feet in
length. [0005] The sections of tube banks which are to
be replaced are generally cut out using a power saw or
a cutting torch. A method and apparatus for cutting
out a section of boiler tube wall is illustrated and
described in U.S. Pat. No. 5,033,347, herein fully
incorporated by reference. [0006] After the damaged or
worn section of tube wall which is to be replaced has
been cut out and removed, it is necessary to properly
prepare the tube ends exposed by removal of the old
section before positioning the new tube bank section
in the tube wall opening. Proper preparation of the
exposed tube ends of the existing boiler tube wall
requires chamfering or beveling of the exposed tube
ends to facilitate a good weld between the new tube
wall section and the existing boiler tube wall. More
specifically, the adjoining tube ends of the existing
tube wall and those of the new or replacement section
of tube wall should be provided with a frustoconical
bevel so that when the 



adjoining tube ends are placed in alignment, a
circumferential groove is formed to receive molten
metal from the welding rod. The replacement section of
tube wall isusually fabricated and prepared for
welding off-site before the damaged or worn section of
existing tube wall is removed. The exposed tube ends
of the existing tube wall, however, must be prepared
for welding on-site, often in a confined space. It is
highly desirable that all work performed on the
existing tube wall be conducted as quickly and
efficiently as possible so as to minimize the period
during which the steam generator is taken out of
service for repair. Accordingly, preparation of the
exposed tube ends of the existing tube wall for
welding is generally accomplished using portable
hand-held milling tools such as those disclosed in
U.S. Patent Nos. 4,449,871 and 4,889,454, herein fully
incorporated by reference. [0007] To facilitate rapid
and efficient chamfering or beveling of the exposed
tube ends of the existing tube wall using conventional
milling tools, and to provide ample space between
vertically adjacent tubes for welding around the
entire circumference of the tube ends, it is highly
desirable and generally necessary to remove a portion
of the membrane between each pair of exposed tube ends
of the existing tube wall. Typically, it is desirable
to remove the membrane between adjacent tube ends,
which are exposed by removal of the damaged wall
section, from the horizontally cut edge of the
existing boiler tube wall to a depth which is at least
equal to the depth of the frustoconical bevel which is
to be milled at the tube end. Typically, membrane
material is removed from the horizontally cut edge
between two adjacent tubes to a depth of about 3/8
inch, about 3/4 inch, or about 1 inch or more from the
cut edge. [0008] The prior art membrane removal heads
seize, stutter and/or stop cutting when exposed to
weld overlay or tube material. After the membrane
material and/or welding overlay material removal, a
frustoconical bevel is milled on the tube around the
entire circumference thereof. Afterwards, a second
tube with a corresponding bevel is matched with the
first beveled tube and the tubes are welded together
by 



molten metal or solder placed around the joined tubes,
especially at the circumferential groove formed by the
adjoined beveled tube ends. It has been found that
beveled tubes joined in this prior manner without
diameter cleanup or film removal often have weaknesses
at the weld area, occasionally due to pitting, which
causes air pockets orlack of weld strength. It would
be beneficial to form a strong durable weld between
joined tubes having beveled or chamfered ends. SUMMARY
OF THE IMVEMTION [0009] The present invention provides
an apparatus and methods for preparing a workpiece
such as a tube, pipe, or the like for a subsequent
operation such as welding. The tube can be an
individual tube such as an economizer tube, a
superheat tube, or reheat tube, element tube, or the
like, or even be part of a bank of tubes which are
often connected by a membrane. In one embodiment, the
apparatus is a milling head or bit having at least an
inner diameter film removal element, and preferably
three different types of milling elements. [0010] In a
preferred embodiment, the milling head comprises a
plurality of milling element types which each are
capable of performing a different operation on a tube,
simultaneously or substantially simultaneously. A
first type of milling element is utilized to mill an
inner surface of the tube, and around the inner
circumference extending from the end portion of the
tube to a predetermined depth. A second type of
milling element is utilized to mill an outer surface
of the tube, or a portion of a membrane or weld
overlay, if present, on the tube in the area where the
milling operation is to be performed, or a combination
thereof. A third type of milling element is adapted to
mill a frustoconical bevel on the end portion of a
tube. Thereafter a second tube end, preferably milled
or finished in a similar manner, can be aligned with
the first end and the tubes welded together around
their circumferences. [001 1] The first type of
milling element is utilized to remove a predetermined
radial thickness tube film or material from an inner
surface or portion of the tube, preferably 



around the inner circumference thereof to a
predetermined depth or distance from the tube end. The
inner surface milling element comprises at least one
cutting blade. The cutting surface of the blade
generally faces away from the central axis so the
inner surface of the tube can be milled by the inner
surface milling element. In a preferred embodiment,
the milling element is adjustable in a radial
direction with respect to thecentral axis of the
milling head. Thus, the milling element can be
adjusted so that a predetermined thickness or amount
of inner tube material is removed. The inner tube film
removal milling element blade or cutting surface can
be arranged or affixed at a predetermined angle with
respect to an axis parallel to the central axis of the
milling head. Thus a greater amount of material can be
removed from one inner section of a tube than another,
creating an angled inner wall for example, such as to
accommodate space for a chill ring or create a gradual
change in the inner diameter of the tube end portion
area preferably in order to match the inner diameter
of a second tube. Also, the adjustability of the first
type of milling element allows tubes of different
inner diameters to be treated with a single milling
head. [0012] The second type of milling element
generally performs a tube cleanup step by removing a
small or micro-diameter portion or film thickness
substantially around the entire outer circumference of
a tube end with the rotary milling device or power
tool. The tube film is removed preferably at least in
an area to be beveled, or also in an area adjacent to
an area to be beveled. Advantageously, the outer tube
film removal milling element is also capable of
removing any weld overlay or membrane present on the
surface of a tube. A predetermined radial thickness or
annulus from the circumference of the outer diameter
of the tube is removed with the second milling element
which comprises one or more blades or cutting edges
arranged on the milling tool. Preferably, the radial
film removal provides a substantially bare metal
surface which is free of rust, scale, etc. [0013] The
third type of milling element generally comprises one
or more bevel 



cutting blades which are preferably fixed at a desired
angle in order to mill the exposed tube end and form a
bevel thereon having a predetermined angle with
respect to an axis perpendicular to the longitudinal
axis of the tube. In a preferred embodiment, the bevel
milling element is adjustable in a radial direction
with respect to the central axis of the milling
head.[0014] It is an object of the invention to
provide a method for removing material from an inner
diameter of a tube or other workpiece; as well as
placing a bevel on a tube end, or removing tube
material from an outer surface of the tube, or a
combination thereof. In a preferred embodiment, all
three operations are performed with the milling head
of the present invention. A milling head having
different types of milling elements with cutting
surfaces or blades configured to perform the method is
described in detail. The multi-functional milling head
of the present invention allows for precision milling
of tube ends where the tube surface is prepared for a
subsequent welding or other operation. The milling
head being capable of performing multiple simultaneous
or substantially simultaneous operations enables a
user to efficiently complete tube preparation. [0015]
The multi-functional milling head includes a mounting
portion at one of its axial ends and is adapted to be
attached to a rotary power tool, preferably an arbor
or shaft thereof. The milling tool typically includes
an arbor adapted to be inserted into an exposed tube
end and is utilized to position and stabilize the
milling head to prevent movement or jerking of the
tool in a direction lateral to the longitudinal
direction of the tube during the milling operation. In
order to perform a milling operation, the drive means
for the rotary power tool is actuated, and the tool
and attached milling head are urged toward the tube
end whereby the milling surfaces of the milling head
contact the tube end in predetermined places in order
to provide a desired finish to the tube end. In
addition to performing an operation which removes tube
material from the inner surface or circumference of
the tube in the vicinity of the tube end, the method
can 



also include removal of material from the outer
circumference of the tube, removal of membrane between
adjacent tubes, or beveling of the end portion of the
tube, or combinations thereof. [0016] It is yet
another object of the present invention to provide a
milling head having adjustable milling elements in
order that different size, i.e. diameter, tubes or
workpieces can be accommodated. In one embodiment, the
inner surface milling element is fixable in a range of
distances from a central axis of the milling head. In
afurther embodiment, the bevel milling element is
fixable in a range of distances from the central axis
of the milling head. [0017] A further object of the
present invention is to provide a milling head with
outer diameter tube film removal elements or blades
having curved or rounded cutting edges to facilitate
milling of tubes in areas with little room or tool
space. In one embodiment, the cutting blade face
includes a countersink or a recess around the bore
which allows the head of the securing element to be
seated therein. In a further embodiment, the outer
diameter tube film removal blade of the present
invention also includes a slotted bore and can be
adjusted to suit the needs of a particular
application. BRIEF DESCRIPTION OF THE DRAWINGS [0018]
The invention will be better understood and other
features and advantages will become apparent by
reading the detailed description of the invention,
taken together with the drawings, wherein: FIG. 1 is
an elevational view of a milling head according to the
present invention, the figure also showing a tubular
member or workpiece which is shaped by the milling
head of the invention; FIG. 2 is a plan view of the
milling head as may be taken in a direction of line 2-
2 in FIG. 1; FIG. 3 is a plan view of a portion of the
milling head as may be taken in the 



direction of line 3-3 in FIG. 1; FIG. 4 is an
elevational view of the lower portion of one
embodiment of the milling head particularly
illustrating a bevel milling element and an inner tube
material removal element; FIG. 5 is a perspective view
of a pneumatic rotary milling tool which may be used
with the milling head of the present invention for the
purpose of reshaping a tubular member or workpiece
such as illustrated in FIG. 1; FIG. 6 is a front
elevational view of a cutting blade support having a
curved or rounded edge cutting blade connected
thereto;FIG. 7 is a cross-sectional view of FIG. 6,
particularly illustrating the cutting blade bore
having a countersink with a securing element flush
mounted therein; FIG. 8 is a cross-sectional view of
FIG. 6, wherein a securing element in a tightened
position extends a distance A out from the face
surface of the cutting blade which is less than or
equal to second distance B measured substantially
perpendicularly thereto as illustrated in FIG. 6; FIG.
9A is a front elevation view of a square cutting blade
having a slotted bore; FIG. 9B is a cross-sectional
view of the square cutting blade shown in FIG. 9A;
FIG. 10 is a front elevation view of an annular
cutting blade having a slotted bore; FIG. 11 is a
front elevation view of a cutting blade having a
rounded cutting edge; and FIG. 12 is a side view of a
tube milled with a milling head of the present
invention having rounded tube film removal cutting
blades as well as a beveling element and an inner
diameter tube film removal element. DETAILED
DESCRIPTION OF THE INVENTION [0019] This description
of preferred embodiments is to be read in connection
with the accompanying drawings, which are part of the
entire written description of this invention. In the
description, corresponding reference numbers are used
throughout to 



identify the same or functionally similar elements.
Relative terms such as "horizontal," "vertical," "up,"
"down," "top" and "bottom" as well as derivatives
thereof (e.g., "horizontally," "downwardly,"
"upwardly," etc.) should be construed to refer to the
orientation as then described or as shown in the
drawing figure under discussion. These relative terms
are for convenience of description and are not
intended to require a particular orientation unless
specifically stated as such. Terms including
"inwardly" versus "outwardly," "longitudinal" versus
"lateral" and the like are to be interpreted relative
to one another or relative to an axis of elongation,
or an axis or center of rotation, as appropriate.
Terms concerning attachments, coupling and the like,
such as "connected" and "interconnected," refer to a
relationship wherein structures are secured or
attached to one another either directly or indirectly
through intervening structures, as well as both
movable or rigid attachments or relationships,
unlessexpressly described otherwise. The term
"operatively connected" is such an attachment,
coupling or connection that allows the pertinent
structures to operate as intended by virtue of that
relationship. 0] FIG. 1 illustrates an elevational
view of a milling head 10 of the present invention
positioned above a workpiece 100 which in this
instance is a tube. Preferred workpieces are hollow
cylinders. Workpiece 100 is generally made of steel,
but it is to be understood that other metals, or
polymers, or combinations thereof can be utilized to
form the workpiece. The milling head 10 of the present
invention can be attached to a power tool 90 as
illustrated in FIG. 5 and utilized to perform a
milling operation on workpiece 100. The milling head
10 of the present invention is at least utilized to
remove tube material from an inner portion or diameter
of workpiece 100, preferably in an area extending from
an end portion of the tube. Tube 100 shown in FIG. 1
has been milled utilizing a milling head 10 of the
present invention. Workpiece 100 as shown is
substantially cylindrical along central axis 20. As
illustrated, the upper milled end of workpiece 100 has
an outer milled segment 104 on outer surface 102, as
well 



as beveled segment 106, and inner milled segment 110
located on inner surface 108. An angled shoulder is
created at each location at the end of the inner and
outer milling element 30,40 milling paths. The
shoulder angles can be varied, can be gradual or
pronounced, and generally depend on the needs or
desires of the end user. The outer shoulder can have
an angle which generally ranges from about 0 to about
85, desirably from 5 to about 60, with angles of about
10 to about 45 preferred, measured with respect to an
axis perpendicular to central axis 20. The outer
shoulder angle can be produced by fixing a cutting
edge 45 of the outer tube milling element 40 at one of
the above-noted angles. A 45 cutting edge angle is
shown in FIG. 1. [0021] The milling head 10 is
preferably attached to a milling device such as rotary
milling tool 90 shown in FIG. 5. Rotary milling
devices are well known in the art and are commercially
available from sources such as H&S Tool of Wadsworth,
Ohio. Examples include, but are not limited to, Model
MB, Model MS, Model B, Model MTand Model MFT. Rotary
milling devices are generally electrically or
pneumatically powered. [0022] Milling head 10 as
illustrated in FIGS. 1 through 4 includes a
substantially cylindrical body 12 having an upper
portion 14 and a lower portion 16. It is to be
understood that in other alternative embodiments body
12 can have other shapes and/or be formed having
unitary construction, i.e. integrally formed upper and
lower portions. Being generally cylindrical, milling
head 10 includes a central axis 20 extending in a
direction along a longitudinal axis thereof. The lower
portion 16 includes a tool mounting connection 18 for
removable connection to a milling tool. In a preferred
embodiment, the tool mounting connection 18 has a bore
22, preferably cylindrical for attachment to an arbor
or other portion of rotary milling tool 90. In one
embodiment, the cylindrical bore 22 includes a key
slot 24 which matingly engages a key on the tool
gearing to lock the rotary milling head 10 to the
tool. In a further embodiment as illustrated in FIG.
1, mounting portion 18 is provided with a radially 



threaded bore 26 which receives a hexagonal head
socket screw or other fastener in bore 26 which can be
used to removably secure the milling head to rotary
milling tool 90. Of course, various other means for
mounting milling head 10 to an output shaft of a
rotary milling tool are known, such as a threaded bore
on a milling head mounting portion for screwing a
milling head to a threaded output shaft of a rotary
tool, or any of various conventional tool chucks or
other means for mounting a tool piece to the rotary or
output shaft of a rotary milling tool. [0023] As best
shown in FIG. 2, milling head 10 of the present
invention preferably includes an inner tube milling
element 30 utilized to remove a predetermined amount
of material from an inner portion of the tube
preferably around the circumference thereof to a
predetermined depth; an outer tube milling element 40
designed to remove a predetermined amount of material
from an outer portion of the tube preferably around
the circumference thereof to a predetermined depth;
and a bevel milling element 50 utilized to impart a
beveled surface on an end of the tube. In relation to
central axis 20, the cutting surface 34 of inner
milling element 30 is locatedradially closer thereto
when compared to the cutting surface or blade 44 of
outer milling element 40 as illustrated in FIG. 2.
Bevel milling element 50 also includes a cutting
surface 54 having portions which are located radially
closer to central axis 20 when compared to outer
milling element 40. Bevel milling element 50
preferably has cutting surfaces located at radial
distances which overlap with inner milling element 30
or outer element 50 cutting surfaces, or combinations
thereof. The overlap between the milling elements is
due to the strategic location or arrangement of
milling elements 30, 40, and 50 on milling head 10 of
the present invention as illustrated in the attached
figures. The overlap between the various milling
elements can be precisely controlled due to the
adjustability of at least inner milling element 30, or
bevel milling element 50, or a combination thereof in
relation to the remaining portions of the milling head
10. In a preferred embodiment, the outer milling
element 40 is located in an 



upper portion 14 of milling head 10 which is fixably
connected to lower milling head portion 16 such as by
utilizing fasteners 28 as shown in FIG. 2. FIG. 3
illustrates a lower portion 16 of milling head 10
which includes inner milling element 30 and bevel
milling element 50. [0025] Inner milling element 30 is
adjustably and removably secured to lower portion of
milling head 16 utilizing a fastener system 32, such
as illustrated in FIG. 3. Inner milling element 30
includes cutting surface 34, generally a blade or
other honed edge which is adapted to remove material
such as by cutting, abrading, grinding, or the like
from an inner surface of a workpiece. Cutting surface
34 generally faces away from central axis 20 in order
to remove material for the tube inner surface as
depicted in FIG. 1. The cutting surface 34 of inner
milling element 30 is connected to base 36. Inner
milling element 30 can be fixably secured at a
plurality of radial distances from central axis 20 in
cutting element bed 17 of milling head 10. [0026]
Cutting element bed 17 as illustrated in FIGS. 3 and 4
is generally a channel, groove, seat, slot or the
like, having a predetermined depth such as about 0.25
inch to about 1 inch with about 0.50 inch being
preferred formed in body 12 ofmilling head 10. In a
preferred embodiment, cutting element bed 17 extends a
predetermined lateral distance in a radial direction
in relation to central axis 20. The width of the
channel measured in a direction transverse to the
radial axis is at least sufficient to accommodate or
fit a portion, i.e. base 36, of the desired milling
element such as the inner tube milling element 30 or
bevel milling element 50, in order to secure the
milling element to the body 12 of milling head 10. At
least one cutting element bed 17 is present on milling
head 10. In a preferred embodiment, a plurality of
cutting element beds 17 are present, with one bed 17
for each milling element on lower portion 16 highly
preferred. Two beds 17 are illustrated in FIGS. 2 and
3, one for the inner tube milling element 30 and one
for a bevel milling element 50. [0027] Fastener system
32 includes at least one fastener in order to
removably 



secure a milling element to a portion of the milling
head 10. In a preferred embodiment fastening system 32
comprises a threaded bore and a fastener such as a
screw or bolt, although it is understood that other
securing systems or fasteners can be utilized. As
illustrated in FIG. 3, the fastening system includes a
wedge 33 which is utilized to fixably attach a milling
element to body 12 of milling head 10. Wedge 33
extends a predetermined distance along a length and
width of bed 17. In a preferred embodiment of
fastening system 32, a fastener is manipulated in the
bore as shown in FIG. 3 and the wedge is pushed
against base 36 of inner milling element 30 whereby
the inner milling element is secured on milling head
body 12 between wedge 33 and a wall of bed 17. In some
embodiments, milling element base 36, 56, can have a
tapered portion 57 which preferably form fits with a
tapered portion of wedge 33 to securely hold the
milling element during use. [0028] As illustrated in
FIG. 4, the cutting surface 34 of inner milling
element 30 is set at an angle with respect to an axis
parallel to central axis 20 of milling head 10 in
order to remove a desired amount of inner tube
material. In most cases the angle will depend on the
end use of the tube. For example in some cases a first
tube to be milled has an inner diameter different than
a second tube that will be welded to the end thereof.
Accordingly, the inner surface of the first tube will
be milled sufficiently tomatch up the inner diameters
of the tube at the ends thereof to prevent turbulence
in the welded tubes and promote smooth flow. In still
another scenario, the inner portion of the tube is
milled sufficiently to accommodate a chill ring, which
prevents weld material from running down the inside of
a tube and creating flow problems. That said, the
cutting surface 34 from a base to the end has an angle
of generally from about 0 to about 60, desirably from
about 5 to about 45, and preferably from about 10 to
about 37 measured with respect to an axis parallel to
the central axis 20 of the milling head. An angle of
10 is shown in FIG. 4 for cutting surface 34 of inner
tube milling element 30. The inner tube milling
element 30 cutting surface 34 can have any 



longitudinal length sufficient in order to mill a tube
end to a desired depth, with about 0.25 to about 2
inches desired, and about 1 inch preferred. [0029] In
a similar manner, bevel milling element 50 can be
secured to milling head body 12 in cutting element bed
17 utilizing the fastener system 32 described. Base 56
of element 50 can be secured as described hereinabove
with respect to element 30. Bevel milling element 50
includes cutting surface 54 which is utilized to
impart a frustoconical bevel on the end of a workpiece
as exhibited by beveled segment 106 in FIG. 1. Cutting
surface or edge 54 of beveled milling element 50 is
disposed at a predetermined angle in order to provide
the desired frustoconical bevel. The angle of cutting
edge 54 with respect to the central rotational axis 20
of milling head 10 is generally from about 30 to about
60 and preferably from about 30 to about 45. One or
more bevel milling elements 50 can be present on each
milling head 10. The one or more bevel milling
elements 50 are located at a predetermined radial
distance from axis 20 such that the bevel cutting
surface at least has an annular cutting sweep capable
of beveling a tube from the inner diameter to the
outer diameter thereof, either before or after an
inner and/or outer tube film removal operation has
been performed. In a preferred embodiment as
illustrated in FIGS. 1 through 4 , one inner milling
element 30 and one bevel milling element 50 are
utilized on milling head 10. Preferably, the milling
elements are located in substantially opposite radial
sections of the milling head 10 as shown.[0030] Outer
workpiece milling element 40 as illustrated in FIGS.
1, 2 and 5 is utilized to remove material or film from
the outer diameter or surface of a tube by cutting,
grinding or otherwise removing a film or thin annulus
from the outer surface, preferably substantially
completely or completely around the circumference
thereof. That is, a portion of the tube outer diameter
is removed, in addition to any weld overlay material
and/or membrane material remaining on or surrounding
the tube in the area where the outer diameter cleanup
step is performed. 



[0031] Milling head 10 has a configuration or design
which allows the outer milling elements 40 to mill a
portion of a tube, as well as any weld overlay and/or
membrane that is present on one or more sides of the
tube. The outer milling element 40 has a cutting face
which is self-cleaning and provides for continuous
cutting of surfaces, especially continuous or
semi-continuous surfaces such as, but not limited to,
tube circumference, weld overlay and membrane. The
self-cleaning ability of the milling head
substantially prevents the head from seizing,
catching, and/or stopping during operation and sheds
chips or shavings away from the blade cutting surfaces
preferably allowing continuous, uninterrupted cutting
and rotation. [0032] Outer tube material removal with
milling element 40 of milling head 10, and optionally
weld overlay removal and/or membrane removal is
performed to a predetermined depth measured from a
workpiece end generally from about 0.25 to about 0.75
inch, desirably to about 1 inch, and preferably to
about 1.5 inches or more. The outer tube milling
element 40 removes an outer radial portion of the
workpiece in a range generally in an amount from about
2% up to about 20%, or about 25%, desirably up to
about 15%, and preferably up to about 5% or about 10%
of the total tube radial thickness (annulus), measured
from the inner radius to the outer radius of the tube
in a radial direction from the center point or
longitudinal axis 20 of the tube. The outer tube film
removal step exposes a clean, bare-metal surface on
the outer portion of the tube in the cleanup area.
Rust, scale, or the like is removed during cleaning.
The outer milled tube surface provides a strong
bonding area for a subsequent welding operation.3 As
illustrated in FIG. 2, the milling head 10 includes
one or more, and preferably a plurality of milling
element supports 46 which are formed as part of the
upper portion 14 of milling head 10 preferably at an
end thereof. Milling element support 46 includes a
cylindrical bore preferably threaded to accept a
securing element or fastener 48 such as a screw. In
one embodiment as illustrated in FIG. 2, 



milling element 40 includes a face surface having a
countersink or recess surrounding a bore through which
the fastener connects milling element 40 to a portion
of the milling head, i.e. milling element support 46.
[0034] In a preferred embodiment which advantageously
provides the ability to cut away and remove workpiece
films, weld overlay, or membrane, or a combination
thereof, fastener has a head, end portion, or the like
which extends a distance away or out from the face
surface of the milling element which is less than or
about equal to a second distance measured from an
outer edge of fastener 48 to the nearest cutting edge
45. The first distance when compared to the second
distance is generally less than about 100 percent,
desirably less than about 95 percent, and preferably
less than about 90 percent. In a further preferred
embodiment, blade recess is dimensioned so that
fastener 48 in a seated position provides the blade
with a flat face. That is, the top of the head of
fastener 48 is flush mounted or recess mounted on
blade face, see FIG. 7 for example. A preferred
cutting blade is described in U. S. Application Serial
No. 10/721 ,539, herein fully incorporated by
reference. [0035] The cutting sweep of cutting edge 45
of outer milling element 40 is such that a
predetermined amount of the outer radial portion of
the workpiece is removed, within the above stated
ranges. The cutting edges of the blades can have
either positive, neutral, or negative rakes. The shape
of the milling element 40 is not limited to the
embodiment shown in FIGS. 1 and 2 and alternatively
could be triangular, curved, or otherwise.The milling
elements 30, 40, 50 of the invention can be arranged
on milling head 10 so that the cutting surfaces or
blades are located a predetermined distance from each
other when measured with respect to the central axis
20. In a preferred embodiment, the outer tube milling
element 40 extends from the bottom of milling head 10
nearest tool mounting connection 18 a greater distance
than inner tube milling element 30. Likewise,
distances between bevel milling element 50 and inner
and 



outer tube milling elements 30 and 50 respectively can
be varied and often depend on end use application.
[0037] A preferred method for utilizing milling head
10 is as follows. Milling head 10 is attached through
tool mounting connection 18 to rotary milling tool 90.
The rotary milling tool 90 is preferably temporarily
connected or secured to the inner surface of the
workpiece utilizing a collet 92 as illustrated in FIG.
5. The milling head 10 is advanced toward the tube and
the outer milling element blades 44 contact and mill
the outer circumference of the workpiece to a
predetermined degree. Milling head 10 is further
advanced along and down the tube as the milling
operation is performed. Any membrane and/or weld
overlay present on the surface of the workpiece is
also removed within the cutting sweep of blade cutting
edge 45. As the milling head is advanced along the
tube, the bevel milling element bore 50 and inner tube
milling element 30 contact the workpiece and mill a
bevel into the tube or remove inner tube film,
respectively. Depending on the configuration of
milling elements 50 and 30, one operation may begin
before another. For example, the inner surface of the
workpiece may be milled by the inner milling element
30 before the bevel milling element 50 makes contact
with the workpiece due to blade height, or vice versa.
[0038] After the desired milling operation has been
performed, the rotary milling tool is disconnected
from the workpiece leaving the workpiece having a
beveled end section, a section where outer tube film
has been removed, and a section where inner tube
surface has been removed as illustrated in FIG. 1 with
respect to workpiece 100.[0039] In yet another
embodiment of the present invention, an outer diameter
tube film removal cutting element or blade 210 is
provided having a curved or a rounded cutting edge
212, on at least one segment of the blade cutting edge
surface, see FIG. 6. As described herein, in addition
to being adapted to mill and remove tube material from
the outer surface of a tube, cutting blade 210 can
remove membrane and/or weld overlay or the like if
present on the tube outer surface. In FIG. 6, cutting
blade 210 



includes a cutting surface having an annular edge 212.
In a preferred embodiment, cutting blade 210 has a
cutting edge comprising generally at least 1/8 of a
circumferential segment of a circle, desirably at
least 1/4 or 1/2 of a circumferential segment of a
circle, and is preferably annular or circular.
Alternatively, a cutting blade 210 is provided with a
curved cutting edge 214 having unequal radii from a
predetermined point such as bore center 217 as shown
in FIG. 11. Thus, cutting blade 210 has an oval or
ovoid-like shape in one embodiment. The curved cutting
blade 210 includes an aperture or bore 216 which can
accept a securing element or fastener 218 so blade 210
can be secured to a cutting blade support 220. In one
embodiment, the curved cutting blade face has a
countersink or recess 222 around bore 216. Preferably,
the head 219 of the securing element 218 in a seated
or tightened position is substantially flush with the
face of the cutting blade 210 and located within the
countersink 222 as shown in FIG. 7. [0041] In a
preferred embodiment which allows a user the ability
to cut away and remove outer diameter tube film, weld
overlay, or membrane, or a combination thereof, the
securing element 218 has a head, end portion or the
like which extends a distance "A" away or out from the
face surface 215 or plane of the blade face which is
less than or equal to a second distance "B" measured
from an outer, lower edge of securing element 218 to
the bottom or lower surface of cutting edge 212
opposite the end of the milling head attachable to a
milling tool, as shown in FIGS. 6 and 8. Distance "B"
is a percentage of a radial distance from the center
point 217 of bore 216 to the outer edge of blade 210
to a bottom edge thereof as shown in FIG. 6. Distance
"A" when compared to Distance "B" is generally less
than about 100%, desirably less than about95% and
preferably less than about 50%. Distance "A" is zero
in FIG. /' as the end of head 219 of securing element
218 is flush with the plane of face surface 2 15 of
blade 210. [0042] The milling heads of the present
invention having a curved or rounded edge 



cutting blade 210 are particularly useful in milling
tubes having a relatively narrow width of membrane,
such as less than 1/2 inch, between adjacent tubes.
The curved cutting edge milling blades 210 are used to
produce a milled tube 300 having curved or rounded
shoulder 302 where the milling operation has been
discontinued or terminated, see FIG. 12. When annular
edge cutting blades are utilized, in a preferred
embodiment the diameter of the blade can range
generally from about 0.25 to about 0.50 inch,
desirably from about 0.25 to about 0.437 inch, and
preferably from about 0.312 to about 0.375 inch.
[0043] FIG. 12 illustrates a tube 300 which has been
milled with a milling head of the present invention
having annular tube film removal blades 210 such as
shown in FIG. 6. As illustrated in FIG. 12, the
cutting blades 210 have been utilized to remove an
outer portion of the tube 300 around the entire
circumference thereof. A rounded shoulder 302 is
created at the terminus of the milling operation by
the tube film removal blades 210 due to the shape of
cutting blade 210 which is annular on at least the
cutting surface thereof. The end of tube 300 has also
been beveled and an inner diameter portion of the tube
has been milled utilizing a milling head of the
present invention. Membrane 303 between adjacent tubes
has also been removed with cutting blade 210 of the
present invention. [0044] In yet a further embodiment
of the present invention, cutting blade 210 is
provided with an elongated or slotted bore 224, see
FIG. 10 for example. FIGS. 9A and 9B show a square
outer tube film removal cutting blade 260 having a
slotted bore 224. Cutting blade 210, 260 having a
slotted bore is preferably utilized with the elongated
axis of the slot arranged perpendicular to the central
or longitudinal axis 230 of the milling head. The
milling element support 220 is fabricated to allow
foradjustment of the cutting blade in relation thereto
utilizing the slotted bore present therein. For
example, one of the milling element support edges
shown in FlG. 1 would not present in one embodiment so
that the cutting blade 260 having a slotted bore 224 



could be adjusted along an axis approximately 45 from
the central axis 20. The height of the slot, i.e.
perpendicular to the elongated axis, is preferably
slightly greater than the diameter of the securing
element designed to secure the blade to the milling
head. The slotted bore 224 is preferably countersunk
to allow at least a portion of a head or end portion
of the securing element, and preferably the entire end
portion, to be flush or recess mounted in the blade in
a fastened position, see countersink 222. The length
of the slot can vary depending on the size of the
cutting blade and/or securing element utilized and in
a preferred embodiment ranges generally from about
0.15 to about 0.25, desirably from about 0.18 to about
0.22, and preferably from about 0.18 to about 0.20
inch measured on the back side of the blade opposite
the face. [0045] Cutting blade 210, 260 having a
slotted bore 224 is attached to a milling element
support 220 with a securing element 218. Before the
securing element 218 is completely tightened, the
cutting blade 210, 260 is set at a desired position,
preferably with respect to the central axis 230. That
is, the cutting blade 210, 260 is adjusted laterally
along the elongated axis of the bore, preferably
perpendicular to central axis 20 of the milling head
in one embodiment, or otherwise on an axis at a
predetermined degree or an angle with respect to
central axis 20 such as described hereinabove, so an
inner edge or other portion of the cutting blade is
located a predetermined distance from central axis 20.
In a preferred embodiment, each cutting blade 210, 260
of the milling head is aligned in substantially the
same position and/or distance with respect to the
central axis in order that smooth, consistent milling
with the milling head can be achieved. If desired,
indicia such as lines, notches or the like are
provided on the cutting blade 210, 260 or milling
element support 220, or a combination thereof to aid
in positioning of the cutting blade 210, 260 on the
milling head 10.[004Sj In accordance with the patent
statutes, the best mode and preferred embodiment have
been set forth, the scope of the invention is not
limited thereto, but rather by the scope of the
attached claims.WHAT IS CLAIMED IS: 



1. A milling head for a rotary tool, comprising: a) a
substantially cylindrical body having a central axes;
b) an inner tube milling element connected to the body
and having a cutting surface; and c) an outer tube
milling element connected to the body and having a
cutting surface located at a greater radial distance
from the central axis than a cutting surface of the
inner tube milling element; or d) a bevel milling
element connected to the body wherein a portion of a
cutting surface of the bevel milling element is
located at a greater radial distance than the cutting
surface of the inner tube milling element; or a
combination of c) and d). 2. The milling head
according to claim 1, wherein the inner tube milling
element has a base portion which is adjustably
connected to the body, wherein the cutting surface
substantially faces radially outward from the central
axis, and wherein the inner tube milling element is
fixable at a range of distances from the central axis.
3. The milling head according to claim 2, wherein the
inner tube milling element cutting surface has a
longitudinal length which is disposed at an angle of
from about 0 to about 60 measured with respect to an
axis parallel to the central axis. 4 . The milling
head according to claim 3, wherein the inner tube
milling element cutting surface has a longitudinal
length which is disposed at an angle of from about 10
to about 37 measured with respect to an axis parallel
to the central axis, and wherein the inner tube
milling element cutting surface has a length of from
about 0.25 to about 2 inches. 5. The milling head
according to any of claims 1 to 4, wherein the outer
and bevel milling elements are both present.6. The
milling head according to claim 5, wherein the bevel
milling element and the inner tube milling element
cutting surfaces are each independently fixable at a
range of 



radial distances from the central axis. 7. The milling
head according to claim 5, wherein at least a portion
of the bevel milling element cutting surface is
located at a radial distance from the central axis
less than the radial distance of the cutting surface
of the outer tube milling element. 8. The milling head
according to claim 7, wherein the body comprises an
upper section connected to a lower section, wherein
the outer tube milling element is connected to the
upper section and the bevel milling element and inner
tube milling element are connected to the lower
section. 9. The milling head according to claim 3,
wherein the outer tube milling element has a cutting
edge affixed at an angle of from about 10 to about 45
with respect to an axis perpendicular to the central
axis. 10. The milling head according to claim 7,
wherein the outer tube milling element cutting surface
is a further distance away from the bevel milling
element or inner tube milling element cutting surfaces
or both when measured from a bottom end of the body.
11. The milling head according to any of claims 5 to
10, wherein the outer tube milling element cutting
surface is rounded or comprises at least 1/8 of a
circumferential segment of a circle. 12. The milling
head according to claim 11, wherein the outer tube
milling element cutting surface is ovoid or comprises
at least 1/2 of a circumferential segment of a circle.
13. The milling head according to claim 12, wherein
the outer tube milling element cutting surface is
annular, and wherein the outer tube milling element
has a diameter of from 0.25 to about 0.50 inch.14. The
milling head according to claim 13, wherein the outer
tube milling element diameter is from about 0.312 to
about 0.375 inch. 15. The milling head according to
any of claims 5 to 14, wherein the outer tube milling
element has a face and a back with a slotted bore
extending therebetween, 



wherein the slotted bore has a length greater than a
diameter of the securing element, and wherein the
slotted bore allows the outer tube milling element to
be adjusted and secured at a plurality of different
positions with respect to the milling element support.
16. The milling head according to claim 15, wherein
the slot of the slotted bore has a length of from
about 0.15 to about 0.25 inch measured on the back of
the milling element. 17. The milling head according to
claim 16, wherein the slot length is arranged
substantially perpendicular to the central axis. 18.
The milling head according to claim 17, wherein the
outer tube milling element slot length is from about
0.18 to about 0.20 inch. 


