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a tube circumferentially surround by tube sheet, wherein the softening and elongating steps allow for quick and easy removal of the
tube from the tube sheet without damaging the tube sheet or tube seats.
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ABSTRACT

The inventioh is related to an improved method of removing tubes from tubes sheets.
The improved method softens and elongates a tube circumferentially surround by tube
sheet, wherein the softening and elongating steps allow for quick and easy removal of

the tube from the tube sheet without damaging the tube sheet or tube seats
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" INDUCTION HEAT AND PULL TUBE STUB REMOVAL. TECHNIQUE

[0001] Field and Background of Invention

[0002]) The present invention relates generally to the field of tube extraction, and
more partici.llarly to an improved method of facilitating the removal of tubes from
structures comprising'tube sheets, such as boilers, condensers, evaporators. drums,
and the like. \ '

[0003]. A ftypical heat exchanger comprises a palr of paratlel tube sheeté, a
plurality of baffle plates, and a plurality of heat exchanger tubes. The tube sheets are
lcated at the ends of the heat exchanger. The baffle plates are positioned between the
tube sheets and generally parallel thereto. The tubes extend between the tube sheets
and through the baffle plates and are supported by the tube sheets. The tube sheets
and baffle plates have a Seres of aligned holes formed therein, and the tubes are
inserted thrdugh these holes and then expanded: in the areas of the tube sheets into
~ fluid-tight pressure contact therewith.

[0004] Because of malfunctions or normal preventive maintenance, It may be
~ necessary to remove one or all of the-tubes from the structure. To replace the tubes
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they are generally cut between the tube ends and the expanded ends of the tubes
forcibly withdrawn from the tube sheets an inch or two until they can be withdrawn by
hand. '

[0005] Various tools have been suggested for removing these tubes by using
wedges that are driven inside a bore of a structure, expanded for engaging the inside
wall of a tube and retracted for pulling the tube out of the bore,

[0006] U.S. Pat. No. 4,355,450 to Miller discloses a tube extracting mechanism
having a wedge with expandable circumferential gripping teeth.

|0007] U.S. Pat. No. 3,791,011 to Keys shows a tube pulling device with
longitudinally fixed radially expanding gripping means which engages the tube wall for
withdrawal of the tube from the tube sheet.

f0003] U.S. Pat. No. 3,507,028 to Stellatella shows a hydraulic tube pulter with
radial expansion of an inner end portion of a tube gripping member into the tube wall.

[0009 The primary problem with all these prior art structures is the i-rnp*osition of
expansion force on the tube preciseiy at the point where it is engaged with the tube
sheet which can damage the metal between adjacent holes and cause the holes in the
tube sheet to enla;ge and not properly grip a new tube when it is expanded. Moreover,
the prior art devices require additional moving parts which increase the fikelihood of
malfunctions and breakage of the device, which results in an increase of down-time of
the structure for repairs. | ' o

[00010]  The method of the present invention does not expand the tube ends
radially but softens the tube and utilizes tensile forces to longitudinal compress the tube

being extracted, and possesses many other advantages over the prior art as discussed
herein.
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[00011] Summary of Invention

[00012] t is an object of the present invention to provide a method of tube
extraction that is easy fo use and does not cause damage to the tube sheet upon tube

withdrawal

[00013] A further object of the invention is to provide a method of tube extraction
that can be used to remove tubes having belled ends from a tube sheet.

[00014] A further object of the invention is to provide a method ot tube extraction

for easily remaoving ribbed tubes from a tube sheet.

{O0015) A further object of the invention is to provide a method of tube extraction
that can be used to remove ribbed tubes having belled ends from a tube sheet.

[00016] Accordingly, the present invention introduced a method of fube extraction
comprising providing a tube circumferentially surrounded on at least one end by a tube
“sheet, cutting the tube to create a tube stub, softening a portion of the tube, attaching a
hydraulic jack to the tube stub, elongating the softened porticn of the tube with the
hydraulic jack, and removing the tube from the tube sheet.

[00017] The present invention further introduces a method of tube extraction
comprising a'methcid of tube stub removal compri‘sing the steps of providing a tube
circumferentially suirounded on at least one end by a tube sheet, the at least one end
being belled and the fube comprising a ring for seating the tube in the tube sheet
cutting the tube to create a tube stub, softening a portioh of the tube, attaching a
hydraulic jack to the tube stub, EIongating the softened portion of the tube with the
hydraulic jack, and removing the tu he from the tube sheet.
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{00018} The various features of novelty which characterize the invention are
pointed out with particn.ilari’ty in the claims annexed to and forming a part of this
disclosure. For a better understanding of the inventicn, its operating advantages and
specific objects attained by its uses, reference is made to the accompanying dgrawings
and descriptive matter in which a preferred embodiment of the invention is illustrated.

[00019]  Brief Description of the Drawings
[00020] In the drawings:
[00021] FIG. 1 is a graphical representation of a tube sheet,

J00022] FIG. 2 is a graphical representation of a hydraulic jack attached to a tube
stub; |

[06023] FIG. 3 is a graphical representation of a elongated tube;

[00024] FIG. 4 is a graphical representation of a elongated tube broken between
the bell and the rings. ‘

[00025] Description of the Preferred Embodiments

100026} Referring now to the drawings, in which like reference numerals are used
to refer to the same or similar elements, FIG. 1is a graphical representation of a type of
tube sheet know as a tube drum 100. Tube drum 100 contains at least one tube 15 and
in many cases a plurality of tubes 15. Tubes 15 generally extended throUgh the wall of
the tube drum 100, such that a portion of the tube 15 Is circumferentially surrounded by
the tube drum 100. The tube end extending in the tube drum 100 may be Belled 11 (Fig.
3, 4) as a means to secure and seal the tube 15." Ribs 14 (Fig 3, 4.) may also be
present on the tube 15 for similar purposes.
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[00027] In a first step of the method, tube 15 is cut to produce a tube
stub 22, Fig. 2, extending outwardly from tube drum 100. Tube 15 is
preferably cut by touch to produce tube stub 22, but may be out by any
known means without deviating from the present invention. Hydraulic jack 54
is attached to tube stub 22. In a preferred embodiment a hole 18 (Fig 3, 4) is
cut in the stub and the hydraulic lack 54 is attached by a bolt extending
through the cut hole 18 and secured to ends of the hydraulic jack 54.
Alternatively an attachment with clamping ends may be used to attach the
hydraulic jack 54 to the tube stub 22 end protruding outside of the tube drum
100.

[00028] A portion of the tube 15 circumferentially surround by the tube
drum 100 is then softened. In the step of softening a portion of the tube 15 is
rapidly heated. In a preferred embodiment an induction heating coil such as
the coil described in U.S. Patent 6,778,057 is inserted into the portion of the
tube 15 surround by the tube drum 100, and induction heating is applied to
the tube 15, rapidly heating the tube to a temperature greater than about
900°C to about 1000°C. In an alternative embodiment a flame or any other
conventional heating means may be used to soften the tube.

[00029] The softened tube is then elongated. Elongation occurs by
operating the hydraulic jack 54 in a manner that places tensile force on the
softened portion of the tube 15 prior to the tube 15 cooling to an ambient
temperature. In a preferred embodiment, Fig 3, the elongation step
circumferentially reduces a potion of the tube diameter 17, allowing easy
removal of the tube 15 from the tube drum 100 without damaging the tube
drum 100. In an alternative embodiment heating may be localized around the
belled 11, Fig 3, and/or ribbed 14 section of tube 15, such that the elongation
step tears the tube into two pieces. In this embodiment one piece of the torn
tube is removed from the inside of the tube drum 100, and one piece from the
outside of the tube drum 100. The removal step may be accomplished by
hand, but is preferably accomplished by allowing hydraulic jack 54 to continue
operation after the elongation step such that hydraulic jack 54 removes tube
15 from tube drum 100.
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[00030] While specific embodiments of the invention have been shown and
described in detail to illustrate the application of the principles of the invention, it will be
understood that the invention may be embodied otherwise without departing from such
principles. '
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CLAIMS:

1. A method of tube stub removal consisting of the steps of:

providing a tube circumferentially surrounded on at least one end by a
tube sheet,

cutting the tube to create a tube stub,

utilizing induction heating to rapidly heat and soften the portion of the
tube circumferentially surrounded by the tube sheet,

attaching a hydraulic jack to the tube stub,

elongating the softened portion of the tube with the hydraulic jack, and

removing the tube from the tube sheet.

2. A method of tube stub removal consisting of the steps of:

providing a tube circumferentially surrounded on at least one end by a
tube sheet, the at least one end being belled and the tube comprising a ring
for seating the tube in the tube sheet,

cutting the tube to create a tube stub,

utilizing induction heating to rapidly heat and soften the entire portion

of the tube circumferentially surrounded by the tube sheet,

attaching a hydraulic jack to the tube stub,

elongating the softened portion of the tube with the hydraulic jack, and

removing the tube from the tube sheet.

3. A method of tube stub removal comprising consisting of the steps of:

providing a tube circumferentially surrounded on at least one end by a
tube sheet, the at least one end being belled and the tube comprising a ring
for seating the tube in the tube sheet,

cutting the tube to create a tube stub,

utilizing induction heating to rapidly heat and soften the portion of the
tube circumferentially surrounded by the tube sheet,

clamping a hydraulic jack to the tube stub,

elongating the softened portion of the tube with the hydraulic jack, and

removing the tube from the tube sheet.
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