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CLAIMS

1. A clamp for engaging to a pipe shaped pressure vessel that is formed by butt

welding two pipe shaped pressure vessels together, the clamp for extending fatigue life of

the joining butt weld, and for reducing ovalling and preventing kinking of said pressure

vessel when said pressure vessel is subjected to bending with the clamp attached, said

clamp comprising:

an inside clamp segment having an inside surface, a first end and a second

end;

said inside surface of said inside clamp segment being substantially smooth

for permitting slippage of said inside surface of said inside clamp segment with

respect to said pressure vessel to which said inside clamp segment is engaged;

an outside clamp segment having an inside surface, a first end and a second

end;

said inside surface of said outside clamp segment defining one of a friction

element and a friction element engaging surface for gripping said pressure vessel

for preventing slippage of said inside surface of said outside clamp segment with

respect to said pressure vessel to which said outside clamp segment is engaged;

a tightening mechanism for securing said inside clamp segment to said

outside clamp segment.

2. The clamp according to claim 1 wherein:

said friction element is on said outside clamp segment.
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3. The clamp according to claim 1 wherein:

said friction element engaging surface is on said outside clamp segment.

4. The clamp according to claim 1 wherein:

at least one of said inside clamp segment and said outside clamp segment

defines a radial groove for receiving a weld bead of a butt weld of the pressure

vessel when said inside clamp segments and said outside clamp segments are

located on the pressure vessel.

5. The clamp according to claim 1 wherein:

a first portion of said first end of said inside clamp segment is removed for

defining a first stress relief area, wherein a width of said first removed portion

diminishes as a function of distance from said first end of said inside clamp

segment;

a second portion of said second end of said inside clamp segment is

removed for defining a second stress relief area, wherein a width of said second

removed portion diminishes as a function of distance from said second end of said

inside clamp segment;

wherein said first stress relief area and said second stress relief area ease the

concentration of stress on the pressure vessel at said first end and said second end

when the pressure vessel is bent.
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6. The clamp according to claim 1 wherein:

said inside clamp segment has a thickness; and

said thickness proximate a first end of said inside clamp segment and

proximate a second end of said inside clamp segment is less than a thickness of said

inside clamp segment at a center of said inside clamp segment.

7. The clamp according to claim 1 wherein:

said inside clamp segment defines a first lengthwise surface and a second

lengthwise surface, wherein said first lengthwise surface and said second

lengthwise surface define a plurality of orifices;

said outside clamp segment defines a first lengthwise surface and a second

lengthwise surface, wherein said first lengthwise surface and said second

lengthwise surface define a plurality of orifices; and

said tightening mechanism is comprised of a plurality of bolts for locating

in said plurality of orifices of said first lengthwise surface and said second

lengthwise surface of said inside clamp segment and for locating in said plurality of

orifices of said first lengthwise surface and said second lengthwise surface of said

outside clamp segment for securing said inside clamp segment to said outside

clamp segment;

wherein said first lengthwise surface of said inside clamp segment and said

first lengthwise surface of said outside clamp segment define a first lengthwise gap

therebetween; and



°15

wherein said second lengthwise surface of said inside clamp segment and

said second lengthwise surface of said second outside clamp segment define a

second lengthwise gap therebetween.

8. The clamp according to claim 1 wherein:

said inside surface of said inside clamp segment defines less than 180

degrees of a cylinder extending from said first end to said second end of said inside

clamp segment;

said inside surface of said outside clamp segment defines less than 180

degrees of a cylinder extending from said first end to said second end of said

outside clamp segment;

a tightening mechanism for securing said inside clamp segment to said

outside clamp segment;

wherein said cylinder defined by said inside clamp segment and said outside

clamp segment has a constant radius of curvature from said first ends to said

second ends.
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9. A clamp for engaging to a pipe shaped pressure vessel that is formed by butt

welding two pipe shaped pressure vessels together, the clamp for extending fatigue life of

the joining butt weld, and for reducing ovalling and preventing kinking of said pressure

vessel when said pressure vessel is subjected to bending with the clamp attached, said

clamp comprising:

an inside clamp segment having an inside surface, a first end, and a second

end, said inside clamp segment defining a first lengthwise surface and a second

lengthwise surface, said inside surface defining less than 180 degrees of a cylinder

over a length from said first end to said second end;

an outside clamp segment having an inside surface, a first end, and a second

end, said outside clamp segment defining a first lengthwise surface and a second

lengthwise surface, said inside surface defining less than 180 degrees of a cylinder

over a length from said first end to said second end;

wherein said cylinder defined by said inside clamp segment and said outside

clamp segment have a constant radius of curvature equal to the exterior radius of

said pipe pressure vessel from said first end to said second end; and

wherein a lengthwise gap exists between at least one of said first lengthwise

surface of said inside and said outside clamp segments and between said second

lengthwise surface of said inside and said outside clamp segments when said clamp

segments are secured to said pipe shaped pressure vessel.



°17

10. The clamp according to claim 9 wherein:

said inside surface of said inside clamp segment is substantially smooth for

permitting slippage of said inside surface of said inside clamp segment with respect

to said pressure vessel to which said inside clamp segment is engaged;

said outside clamp segment defines one of a friction element and a friction

element engaging surface for gripping said pressure vessel for preventing slippage

of said inside surface of said outside clamp segment with respect to said pressure

vessel to which said outside clamp segment is engaged.

11. The clamp according to claim 9 wherein:

said first end of said inside clamp segment is opposite said first end of said

outside clamp segment;

said second end of said inside clamp segment is opposite said second end of

said outside clamp segment.

12. The clamp according to claim 9 wherein:

said first lengthwise surface and said second lengthwise surface of said

inside clamp segment defines a plurality of orifices;

said first lengthwise surface and said second lengthwise surface of said

outside clamp segment defines a plurality of orifices; and further comprising

a tightening mechanism comprised of a plurality of bolts for locating in said

plurality of orifices of said first lengthwise surface and said second lengthwise

surface of said inside clamp segment and for locating in said plurality of orifices of
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said first lengthwise surface and said second lengthwise surface of said outside

clamp segment for securing said inside clamp segment to said outside clamp

segment.

13. The clamp according to claim 9 wherein:

a first portion of said first end of said inside clamp segment is removed for

defining a first stress relief area, wherein a width of said first removed portion

diminishes as a function of distance from said first end of said inside clamp

segment;

a second portion of said second end of said inside clamp segment is

removed for defining a second stress relief area, wherein a width of said second

removed portion diminishes as a function of distance from said second end of said

inside clamp segment;

wherein said first stress relief area and said second stress relief area ease the

concentration of stress on the pressure vessel at said first end and said second end

when the pressure vessel is bent for reducing ovalling and preventing kinking.
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14. A clamp for engaging to a pipe shaped pressure vessel that is formed by butt

welding two pipe shaped pressure vessels together, the clamp for extending fatigue life of

the joining butt weld, and for reducing ovalling and preventing kinking of said pressure

vessel when said pressure vessel is subjected to bending with the clamp attached, said

clamp comprising:

an inside clamp segment having an inside surface, a first end and a second

end;

an outside clamp segment having an inside surface, a first end and a second

end;

a tightening mechanism for securing said inside clamp segment to said

outside clamp segment;

wherein a first portion of said first end of said inside clamp segment is

removed for defining a first stress relief area, wherein a width of said first removed

portion diminishes as a function of distance from said first end of said inside clamp

segment;

wherein a second portion of said second end of said inside clamp segment is

removed for defining a second stress relief area, wherein a width of said second

removed portion diminishes as a function of distance from said second end of said

inside clamp segment;

wherein said first stress relief area and said second stress relief area ease the

concentration of stress on the pressure vessel at said first end and said second end

when the pressure vessel is bent.
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15. The clamp according to claim 14 wherein:

said inside surface of said inside clamp segment is substantially smooth for

permitting slippage of said inside surface of said inside clamp segment with respect

to the pressure vessel to which said inside clamp segment is engaged;

said inside surface of said outside clamp segment defines one of a friction

element and a friction element engaging surface for gripping the pressure vessel for

preventing slippage of said inside surface of said outside clamp segment with

respect to said pressure vessel to which said outside clamp segment is engaged.

16. The clamp according to claim 14 wherein:

said first end of said inside clamp segment is opposite said first end of said

outside clamp segment;

said second end of said inside clamp segment is opposite said second end of

said outside clamp segment;

said inside surface of said inside clamp segment defines less than 180

degrees of a cylinder extending from said first end to said second end of said inside

clamp segment;

said inside surface of said outside clamp segment defines less than 180

degrees of a cylinder extending from said first end to said second end of said

outside clamp segment;

wherein said cylinder defined by said inside clamp segment and said outside

clamp segment has a constant radius of curvature of said cylinder from said first

ends to said second ends.
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17. The clamp according to claim 14 wherein:

said first end of said inside clamp segment is opposite said first end of said

outside clamp segment;

said second end of said inside clamp segment is opposite said second end of

said outside clamp segment.

18. The clamp according to claim 14 wherein:

said inside clamp segment defines a first lengthwise surface and a second

lengthwise surface, wherein said first lengthwise surface and said second

lengthwise surface define a plurality of orifices;

said outside clamp segment defines a first lengthwise surface and a second

lengthwise surface, wherein said first lengthwise surface and said second

lengthwise surface define a plurality of orifices;

said tightening mechanism is comprised of a plurality of bolts for locating

in said plurality of orifices of said first lengthwise surface and said second

lengthwise surface of said inside clamp segment and for locating in said plurality of

orifices of said first lengthwise surface and said second lengthwise surface of said

outside clamp segment for securing said inside clamp segment to said outside

clamp segment;

wherein said first lengthwise surface of said inside clamp segment and said

first lengthwise surface of said outside clamp segment define a first lengthwise gap

therebetween; and



wherein said second lengthwise surface of said inside clamp segment and

said second lengthwise surface of said second outside clamp segment define a

second lengthwise gap therebetween.

19. A method of extending fatigue life of a butt weld of a pipe shaped pressure vessel

subjected to bending comprising the steps of:

affixing an inside clamp member and an outside clamp member to form a

bend restraining member to an outside surface of the pressure vessel over a butt weld

in the pressure vessel;

bending the pressure vessel while affixed to said bend restraining member;

removing said bend restraining member.

20. The method according to claim 19 wherein said bend restraining member defines a

channel or radial groove for accommodating said butt weld.

21. The method according to claim 19 further comprising the step of:

subjecting said pressure vessel and said butt weld to repeated tensile stretching

stresses associated with multiple pressurization cycles of said pressure vessel.

22. The method according to claim 19 wherein:

said pressure vessel is coiled around a hub or around previous coils of said pipe

shaped pressure vessel.
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23. The method according to claim 19 wherein:

said bend restraining member is a fin affixed to said pressure vessel over

said butt weld, said bend restraining member affixed on an outside of a bend of said

pressure vessel.

24. The method according to claim 23 wherein said fin defines a cutout for

accommodating said butt weld.

25. A method of minimizing axial tensile bending strain for a butt weld and adjacent

area of a pipe shaped pressure vessel subjected to bending comprising the steps of:

affixing a bend restraining member to an outside surface of the pressure

vessel over the butt weld in the pressure vessel, wherein said bend restraining

member has an inside segment and an outside segment having an inside surface

radius equal to a radius of said outside surface of said pressure vessel;

affixing said outside segment to said outside surface of the pressure vessel

over the butt weld in the pressure vessel;

applying compressive stress to the pressure vessel with said inside segment

and said outside segment to prevent the butt weld from being subjected to axial

tensile strain due to bending.
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26. The method according to claim 25 further comprising:

locating an inside radial groove formed on an inside surface of said inside

clamp segment and said outside clamp segment over a weld bead of the butt weld

when locating said clamp segments on the pressure vessel.

27. The method according to claim 25 further comprising:

permitting an inside surface of said inside clamp segment to slip with

respect to said outside surface of the pressure vessel.

28. The method according to claim 25 further comprising:

gripping the pipe with said outside clamp segment with a friction element

on one or both of an inside surface of said outside clamp segment and an outside

surface of said pressure vessel.

29. The method according to claim 25 further comprising:

inserting a plurality of bolts in a plurality of orifices defined by said inside

clamp segment and inserting said plurality of bolts in a plurality of orifices of said

outside clamp segment for securing said inside clamp segment to said outside

clamp segment for surrounding said pressure vessel.

30. The method according to claim 25 further comprising the step of:

subjecting said pressure vessel and said butt weld to stresses associated with

multiple pressurization cycles of said pressure vessel.
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31. The method according to claim 25 wherein:

said pressure vessel is coiled around a hub or previous coils of pipe shaped pressure

vessel.

32. A clamp for affixing to a pipe shaped pressure vessel at a location of a butt weld,

in which said pressure vessel and clamped butt weld are subsequently subjected to bending

around a curved surface, said clamp comprising:

an inside clamp segment having an inside surface, a first end and a second

end, said inside clamp segment defining less than 180 degrees of a cylinder from

said first end to said second end, said inside clamp segment defining a constant

radius of curvature from said first end to said second end;

said first end defining a first relief area, for easing a concentration of

stresses that may result in kinking or ovallizing of the pressure vessel, wherein said

first relief area is defined by a complete removal a portion of material of said inside

clamp segment, and wherein a width of said first removed portion diminishes as a

function of distance from said first end of said inside clamp segment;

said second end defining a second relief area for easing a concentration of

forces that may result in kinking or ovallizing of the pressure vessel, wherein said

second relief area is defined by a complete removal a portion of material of said

inside clamp segment, and wherein a width of said second removed portion

diminishes as a function of distance from said second end of said inside clamp

segment;
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an outside clamp segment having an inside surface, a first end and a second

end, said inside surface defining less than 180 degrees of a cylinder from said first

end to said second end, said outside clamp segment defining a constant radius of

curvature from said first end to said second end;

a tightening mechanism for securing said inside clamp segment to said

outside clamp segment, wherein said clamp mechanism is a plurality of first

fasteners along a first side of a length of said inside clamp segment and along a first

side of a length of said outside clamp segment, said clamp mechanism further

comprising a plurality of fasteners along a second side of a length of said inside

clamp segment and along a second side of said outside clamp segment;

wherein said first lengthwise surface of said inside clamp segment and said

first lengthwise surface of said outside clamp segment define a first lengthwise gap

therebetween; and

wherein said second lengthwise surface of said inside clamp segment and

said second lengthwise surface of said second outside clamp segment define a

second lengthwise gap therebetween.


